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Concepts of Optimality and Their Uses 


By TJALLING C. KOOPMANS* 


According to a frequently cited defini- 
tion, economics is the study of “best use of 
scarce resources.” The definition is incom- 
plete. “Second best’? use of resources, and 
outright wasteful uses, have equal claim to 
attention. They are the other side of the 
coin. 

For our present purpose the phrase “best 
use Of scarce resources’? will suffice. How- 
ever, each of the two nouns and two adjec- 
tives in this phrase needs further definition. 
These definitions in turn need to be varied 
and adjusted to fit the specific circum- 
stances in which the various kinds of opti- 
mizing economic decisions are to be taken. 

I will assume that the main interest of this 
gathering is in the range of applications of 
the idea of best use of scarce resources, and 
in the ways in which the main categories of 
applications differ from each other. I shall 
therefore describe mathematical ideas and 
techniques only to an extent helpful for the 
exploration of that range of applications. 

A good place to start is with the produc- 
tion programs of the individual plant or en- 
terprise for a short period ahead. The “re- 
sources” then include the capacities of the 
various available pieces of equipment. In 
a centrally directed economy they may also 
include the allotments of nationally allo- 
cated primary inputs such as fuels, raw ma- 
terials, labor services. In a market economy 
_with some capital rationing one single allot- 


ment of working capital available for the. 


purchase of primary inputs at given market 
prices would take the place of most of the 
primary input allotments. 

In either institutional framework, an es- 
pecially simple prototype problem is ob- 
tained if one fixes the quantity of required 


*Yale University. This article is the lecture Tjalling 
Koopmans delivered in Stockholm, Sweden, Decem- 
ber 1975, when he received the Nobel Prize in Eco- 
nomic Science. The article is copyright e the Nobel 
Foundation 1976. It is published here with the permis- 
sion of the Nobel\Foundation, and is included in the 
volume of Lex Prix Nobel en 1975. 
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output of the product or products made by 
the enterprise, while prices for the primary 
products are given. Then the term “use” of 
resources stands for a choice of a technical 
process or a combination of processes that 
meets that requirement within the given 
constraints. “Best” use is. a, or if unique, 
that choice that meets the requirement at 
minimum cost of primary inputs. 

Economists have differed: as to whether 
this problem belongs in economics. In the 
1920’s the British economist A. C. Pigou 
stated “... it is not the business of econo- 
mists to teach woolen manufacturers how: 
to make and sell wool, or brewers how to 
make and sell beer... .”’ 

This was not the attitude of economists in , 
several other European countries. In par- 
ticular, there was in the 1930’s a lively dis- 
cussion among Scandinavian and German 
economists concerning models of produc- 
tion possibilities and their use in achieving 
efficiency within the enterprise. The Nordisk 
Tidsskrift for Teknisk Okonomi provided 
an important medium for these discussions. 
Significant contributions' were made by 
Carlson, Frisch, Gloerfelt Tarp, Schmidt, 
Schneider, Stackelberg, and Zeuthen. 

Thus the situation at the end of the 1930’s 
was one in which important practical prob- 
lems in the best use of resources within the 
enterprise had been neglected by economists 
in several countries, and had been taken up 
by only a handful of economists in a few 
other countries. In addition, the problems 
were Of a kind in which special knowledge 
possessed by other professions, mathemati- 
clans, engineers, managers, was pertinent. 
One could therefore have expected impor- 
tant new contributions to come from these 
neighboring professions. 

This is precisely what happened, and 
several times over. Chronologically first was 
the publication by the mathematician 


lFor references to these authors and to the Pigou 
quotation, see the author (1957, p. 185). 
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, Leonid V. Kantorovich (1939, in Russian) 


of a 68-page booklet entitled, in translation 
(1960), “Mathematical Methods of Orga- 
nizing and Planning of Production.” The 
importance of this publication is due to the 
simultaneous presence of several ideas or 
elements, some of which had also been 
present in earlier writings in different parts 
of economics or mathematics. I enumerate 
the elements. 


(1) A model of production in terms of a fi- 
nite number of distinct production pro- 
cesses, each characterized by constant 
ratios between the inputs and outputs 
specific to the process. 


This element has a long history in eco- 
nomics. It is found in Walras (1874, Lecon 
41; 1954, Lesson 20), Cassel (1919, ch. 4), 
the mathematician von Neumann (1936), 
Leontief -(1936, 1941), all dealing with 
models of the productive system as a whole. 
However, the feature most important for 


our purpose was present only in the classi- 


cal writers in the theory of international 
trade? and in the models of von Neumann 
and of Kantorovich. This feature is that the 
output of one-and-the-same required com- 
modity can in general be achieved by more 
than one process. The same specified vector 
of outputs of ail required commodities can 
therefore in general be obtained as the out- 
come of many different combinations of 
processes. Two such combinations may dif- 
fer in the list of processes included—and in 
the levels of activity assigned to the pro- 
cesses they both use. It is due to this ele- 
ment of choice between alternative ways of 
achieving the same end result that a genuine 
optimization problem arises. It is true that 
Walras also optimized (1954, Lesson 36) on 
the choice of processes, but from an infinite 
collection defined by a differentiable pro- 
duction function. It is precisely this choice 
of a more general collection of processes 
that delayed the recognition by economists 
of the applications that are our present 
topic: 


2See the references to Torrens (1815), Ricardo 


(1817), Mill (1852), Graham (1923), and others in the 


survey article by John Chipman. 
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(2) The perception of a wide range of prac- 
tical applications of the model to indus- 
tries that themselves are sources for the 
data required by these applications. 


These included the transportation problem 
to be discussed below, an agricultural prob- . 
lem, and various industrial applications. 
The definition and collection of available 
data of a different, more aggregative, kind 
was also an important element in Leontief’s 
input-output analysis. 


(3) The demonstration that with an optimal 
solution of the given problem, whether 
of cost minimization or output maxi- 


, mization, one can associate what in 


Western literature has been called 
shadow prices, one for each resource, 
intermediate commodity or end-prod- 
uct, 


Kantorovich’s term in 1939 was “resolving 
multipliers,” which he changed to “objec- 
tively determined valuations”? in his book 
of 1959. In general, these valuations are 
equal to the first derivatives of the negative 
of the cost minimum, with respect to the 
specified availabilities of the goods in ques- 
tion. In mathematical terminology these 
valuations have also been called ‘‘dual vari- 
ables,” in contrast with the activity levels 
assigned to the processes, which are then 
called “primal variables.” Analogous dual 
variables occur also in von Neumann’s 
model of proportional growth, with an in- 
terpretation as prices in competitive mar- 
kets. 


(4) The identification of a separation the- 
orem for convex sets due to Minkowski 
as a mathematical basis for the existence 
of the dual variables.4 


(5) The computation of optimal values of 
the primal and associated dual variables 
for illustrative examples, and some indi- 


30b’ektivno obuslovlenn ye otsenki. 

*For this purpose von Neumann had used the 
heavier tool of a topological fixed-point theorem. The 
dispensibility of this for his purpose was shown later 
by David Gale (1956), and by Koopmans and Bausch 
(Topic 5). 
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cations toward calculating such solu- 
tions in more complex cases. 


Finally, brief but precise explanations of 


(6) The interpretation of the dual variables 
as defining equivalence ratios (rates of 
substitution) between different primary 
inputs and/or different required out- 
puts, and 


(7) The additional interpretation of the 
dual variables as guides for the coordi- 
nation of allocative decisions made in 
different departments or organizations. 

I shall return to (7) below. 


Kantorovich’s work of 1939 did not be- 
come known in the West until the late 
1950’s or early 1960’s. Meanwhile the trans- 
portation model was redeveloped in the 
West without knowledge of the work on 
this topic by Kantorovich (1942, reprinted 
1958) and Kantorovich and Gavurin (1940, 
1949). The Western contributions were 
made by Hitchcock (1941), the author 
(memo dated 1942, published 1970; articles 
of 1949 and 195! (with Reiter)), Dantzig 
(ch. 23 in Koopmans, ed. 1951). 

The general linear model was redis- 
covered and developed by George Dantzig 
and others associated with him, under the 
initial stimulus of the scheduling problems 
of the U.S. Air Force. The term “linear pro- 
gramming’ came into use for the mathe- 
matical analysis and computational pro- 
cedures associated with this model. A 
compact early publication of this work can 
be found in a volume entitled Activity Analy- 
sis of Production and Allocation, edited by the 
author. Substantial further developments 
appeared in such journals as Econometrica, 
Management Science, Operations Research, 
and were brought together in Dantzig’s 
Linear Programming and Extensions (1963), 
a book that was many years in the making. 
These developments, in which many mathe- 
maticians and economists took part, went 
substantially beyond the earlier work of 
Kantorovich, in several directions. I note 
only a few of the extensions to the elements 
listed above. 


(2') Extension of the range of applications 
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to animal feeding problems, inventory 
and warehousing problems, oil refinery 
operations, electric power investments? 
and many other problems. 


(3’),(4') Further clarification of the mathe- 
matical relations between primal and 
dual variables and their extension to 
nonlinear programming byf Tucker, 
Gale, Kuhn and others. 


This work also traced additional mathe- 
matical origins or precursors for the duality 
theory of linear programming in the work 
on game theory by von Neumann (1928 
and, with Morgenstern, 1944) and by Ville 
(1938), and in work on linear inequalities 
by Gordan (1873), Farkas (1902), Stiemke 
(1915), Motzkin (1936) and others.’ 


(5’) The development by Dantzig of the 
simplex method for maximizing a linear 
function under linear contraints (in-` 
cluding inequalities) and the further 
improvements to this method by Dant- 
zig and others. ' 


The simplex method has become the princi- 
pal starting point for a family of algorithms 
dealing with linear and convex nonlinear al- 
location problems. These methods can be 
set up so as to compute optimal values of 
both primal and dual variables. 

Most important to economic theory as 
well as application was a further extension 
of (7) into l 


(7') The analysis of the role or use of prices 
toward best allocation of resources, 
either through the operation of com- 
petitive markets, or as an instrument 
of national planning. 


These ideas, again, have a long history in 


economics. In regard to competitive mar- 
kets, they go back at least as far as Adam 
Smith (1776), and were eloquently restated 
and developed by Hayek (1945). Important 
writers on the use of prices in socialist plan- 
ning were Barone (1908), Lange (1936), and 


>See, for instance, Massé and Gibrat. 
6See Gale, Kuhn, and Tucker; Kuhn and Tucker; 
and, for a summary, Tucker. 
For references, see Dantzig, chs. 2-3. 
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Lerner (1937, 1938). The new element in the 
work by the author (1949, 1951) and 
Samuelson (1949, 1966) was the use of the 
linear model and, in my own case, the at- 
tempt to develop what may be called a pre- 
institutional theory of allocation of re- 
sources. It was already foreshadowed in the 
work of Lange and Lerner that hypothetical 
perfect competition and hypothetical per- 
fect planning both imply efficient allocation 
of resources—although neither occurs in 
reality. It therefore seemed useful to turn 
the problem around, and just postulate allo- 
cative efficiency as a model for abstract, 
pre-institutional study. Thereafter, one can 
go on to explore alternative institutional ar- 
rangements for approximating that model. 

I believe that the linear model offers a 
good foothold for this purpose. First, it 
makes a rigorous discussion easier. Sec- 
ondiy, the most challenging nonlinearity— 
that connected with increasing returns to 
scale—in fact undermines competition. It 
also greatly escalates the mathematical and 
computational requirements for good plan- 
ning. The linear model, therefore, makes a 
natural first chapter in the theory of best 
allocation of resources. In its simplest form 
it leads to the following symmetric relation- 
ships between activity levels of the processes 
and the (shadow) prices of the resources 
and goods produced: 


(7") (a) Every process in use makes a zero 
profit, 
(b) No process in the technology 
makes a positive profit, 
(c) Every good used below the limit of 
its availability has a zero price, 
(d) No good has a negative price. 


These same relationships are a recurrent 
theme in the first two chapters of Kantoro- 
vich’s (1959) book, which also was many 
years in the making prior to publication. It 
was subsequently translated into French 
and English, the latter under the title The 
Best Use of Economic Resources. The gist of 
the book’s recommendations is that social- 
ist planning can achieve best attainment of 
the goal set by the planning body through 
calculations that ensure the fulfillment of 
_ these or similar conditions for optimality. 
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Kantorovich did not go much beyond his 
earlier remarks on the questions concerning 
possible use of a price system for decentrali- 
zation of decisions. This became a major 
theme, however, in the abstract work of 
Koopmans (1951, Sec. 5.12), in the work on 
two-level planning by Kornai and Liptak 
(1965) in relation to planning in Hungary, 
and in that by Malinvaud (1967) stimulated 
by experiences with planning in France. The 
principal computational counterpart of this 
work was developed by Dantzig and Woife 
(1960, 1961) under the name “the decompo- 
sition principle.” 

The third chapter of Kantorovich’s book 
deals with the problem of investment plan- 
ning to enlarge the production base. The 
principal emphasis is on the concept of the 
normal effectiveness of capital investment. 
This is a discount rate applied to future re- 
turns and to contemplated investments and 
other future costs, in the evaluation and 
selection of investment projects. This idea 
had been proposed earlier by Novozhilov 
(1939). The point emphasized by Kantoro- 
vich is that the prices to be used in calculat- 
ing returns and costs should be the ob- 
jectively determined valuations determined 
by his methods, for the selection to have an 
optimal result. These proposals were at the 
time new to the practice of Soviet economic 
planning. I believe that the principle of the 
normal effectiveness of capital investment 
has gained increasing acceptance in Soviet 
theory and practice since that time. There ts 
an obvious formal analogy with the profit- 
ability criterion for investment planning 
used by the firm in a market economy, 
using anticipated market prices and the ap- 
propriate market rate of interest. The insti- 
tutional framework contemplated is, of 
course, fundamentally different. I believe 
that the underlying pre-institutional opti- 
mizing theory is the same. 

Summing up, I see two principal merits in 
the developments I have reviewed so far. 
One is their initially pre-institutional char- 
acter. Technology and human needs are 
universal. To start with just these elements 
has facilitated and intensified professional 
contacts and interactions between econo- 
mists from market and socialist countries. 
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The other merit is the combination and 
merging of economic theory, mathematical 
modeling, data collection, and computa- 
tional methods and algorithms made possi- 
ble by the modern computer. A genuine 
amalgam of different professional contribu- 
tions! 

The linear model, followed by the convex 
nonlinear model, have provided the prov- 
ing ground for these developments—and— 
their most conspicuous limitation: The non- 
convex nonlinearities associated with 
increasing returns to scale, i.e., with the 
greater productivity of large-scale produc- 
tion in many industries, require quite dif- 
ferent methods of analysis, and also raise 
different problems of institutional frame- 
works conducive to best allocation. 


I now proceed to a rather different class 
of applications of the idea of best allocation 
of scarce resources. This field is usually re- 
ferred to as the theory of optimal economic 
growth. In most studies of this kind made in 
the countries with market economies there 
is not an identifiable client to whom the 
findings are submitted as policy recom- 
mendations. Nor is there an obvious choice 
of objective function, such as cost minimi- 
zation or profit maximization in the studies 
addressed to individual enterprises. The 
field has more of a speculative character. 
The models studied usually contain only a 
few highly aggregated variables. One then 
considers alternative objective functions 
that incorporate or emphasize various 
strands of ethical, political, or social 
thought. These objectives are then tried out 
to see what future paths of the economy 
they imply under equally simplified assump- 
tions of technology or resource availability. 
The principal customers aimed for are other 
economists or members of other profes- 
sions, who are somewhat closer to the mak- 
ing of policy recommendations. These may 
be those engaged in making more disaggre- 
gated optimizing models of growth that in- 
corporate numerical estimates of techno- 
logical or behavioral parameters. (I shall 
return to this field of “development pro- 
gramming” below.) Or the hoped-for cus- 
tomers may be policy economists who may 
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find it useful to have the more abstract ideas 
of this field in the back of their minds when 
coping with the day-to-day pressures for 
outcomes rather than criteria. 

The question of the clientele is even more 
baffling when the problem concerns growth 
paths for time spans covering several gen- 
erations. What can at best be recommended 
in that case is the signal the present genera- 
tion gives, the tradition it seeks to strengthen 
or establish, for succeeding generations to 
take off from. 

The classic in the optimal growth field is 
a paper published in 1928 by Frank Ram- 
sey, known also as the author of equally 
fundamental papers on the foundations of 
mathematics and on subjective probability. 
His definition of “best”? involves the max- 
imization of a sum (or integral) of utility 
flows to be derived from future consump- 
tion. Using a continuous time variable, 
Ramsey’s choice of objective function is a 
limiting case of a broader class of functions 
which I shall consider first, 


U = [ e~"ulc,) at, 0 < p, 
0 


the objective function representing genera- 
tions. Here c, denotes the aggregate con- 
sumption flow as of time t, and u(c) is a 
utility flow serving as an evaluating score 
for the consumption flow c. One chooses 
the function u(c) so as to increase with c but 
at a decreasing rate du/de as c increases. 
This expresses that at all times “more is bet- 
ter,” but less so if much is already being 
enjoyed (see Figure 1). The effect on the 
allocation of consumption goods between 
generations is similar to the effect of a pro- 
gressive income tax on spendable incomes 
among contemporaries. 

We shail call the exponentially decaying 
factor e~", p > 0, the discount factor for 
utility. It diminishes the weight given to 
future utility flows in the summation of the 
entire utility flow over all the future to form 
a total score U. The weight is smaller the 
larger the discount rate for utility p, and the 
further one looks into the future. On ethical 
grounds Ramsey would have none of this. I 
shall take the view that the important ques- 
tion of discounting utility—or for that mat- 
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FIGURE | 


ter any other aspect of the choice of the ob- 
jective function—should not be settled 
entirely on a priori grounds. Most decision 
makers will first want to know what a given 
objective function will make them do in 
given circumstances. I shall therefore hold 
p > 0 for this first exploration,® and turn to 
the mathematical modeling of the “‘circum- 
stances” in terms of technological and re- 
source constraints on the consumption and 
capital variables. : 

One “resource” is the labor force. It need 
not enter the formulae because it will be 
assumed to remain inexorably constant 
over time. The only other resource is an 
initial capital stock denoted ko, historically 
given as of time t = 0. The “use” at any 
time t of labor and of the then capital stock 
k, consists of two steps. The first and ob- 
vious step is to achieve at all times the high- 
est net output flow /(k,) that can be pro- 
duced by the labor force, using the capital 
stock fully and to best effect. The form 
given to the function f(k) summarizes and 
simplifies broad technological experience. It 


Eor an objective function implying a variable dis- 
count rate that depends on the path contemplated, see 
Koopmans (1960); Koopmans, Diamond, and Wil- 
liamson; and Beals and Koopmans, 
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FIGURE 2 


specifies f (0) = 0 (“without capital no out- 
put), f(k) initially increasing with k but at 
a diminishing rate df/dk, in such a way that 
from some point k of capital saturation on, 
f(k) decreases because depreciation rises 
more steeply than gross output. (See Fig- 
ure 2.) 

In all this the product flow f(k} is re- 
garded as consisting of a single good, which 
can be used as desired for consumption or 
for adding to the capital stock, 


: dk 
Stk) = c + ETa 


the allocation constraint. To determine this 
allocation for all t is the second step. This is 
done “best” at all future points of time if 
the total score V is thereby maximized. 

It might seem as if this constrained maxi- 
mization problem is quite different in math- 
ematical structure from those discussed 
before. This is not the case. The main dif- 
ference is that the discussion has shifted 
from a vector space to a function space, 
using conventional notations not designed 
to reveal the common structure of the two 
problems. In particular, as long as the cru- 
cial convexity assumptions are maintained, 
interpretations in terms of shadow prices 
remain valid. 

The problem for p > 0 was solved inde- 
pendently by Cass (1966), Koopmans (1965, 
1967), Malinvaud (1965, 1967), thirty-five 
years after Ramsey. Without proof I indi- 
cate the nature of the solution in Figure 3. 
In the diagram on the left, the abscissa k is 
set out.along the vertical half-axis, the 
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FIGURE 3 


ordinate y = f(k) along the horizontal half- 
axis pointing left. For given p > 0, find the 
unique point k(p) on the curve y = f(k) in 
which the slope df/dk equals p. Then, if the 
initial capital stock kọ should happen to 
equal k(p), the optimal capital path remains 
constant, k, = k(p), over all the future. For 
any initial stock ky less than or larger than 


(p), the optimal path shows a monotonic 


and asymptotic approach to k(p). All this is 
illustrated in solid lines in the two top 
diagrams in Figure 3. The lower right dia- 
gram shows the corresponding optimal con- 
sumption path c,, which approaches the 
asymptotic level €(p) = f(k(p)). 

The differential equation which, together 
with the allocation constraint given above, 
governs the approaches of k, and ç, to their 
asymptotes is subject to an interesting: in- 
terpretation in terms of shadow prices. De- 


fine such prices, p, for the consumption. 


good and q, for the use of a unit of the cap- 
ital stock, by 


du 
= eet 
Pr e (4 “a 7 
df 
a (it) 


Then p, is the marginal utility of consump- 
tion du/dc, at the level c, of consumption 
flow reached at time t, discounted back to 
time zero. In turn, q, is the: marginal pro- 


ductivity of capital df/dk, at the level k, ` 


reached at time t, multiplied by the shadow 
price p, of the product, already defined. 
This makes q, the marginal productivity of 
capital in terms of discounted utility. 
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In these terms the differential equation is 


the allocation principle. If p, and q, were to 
be market prices for the capital good and 
for its use in production, this equality 
would state that the returns on two alterna- 
tive dispositions for the capital good would 
be equal: One is to sell the good now, the 
other is to sell first only its use for a short 
period, and thereafter to sell the good itself. 
That this principle is necessary for optimal- 
ity is intuitively plausible. Its sufficiency can 
be proved from the convexity assumptions 
about the functions —u(-) and —f(-), plus 
the boundary condition that 


lim k, = k(p) 
t— «a 


What is the effect of choosjng different 
values of the discount rate p? Figure 3 sug- 
gests the answer for the realistic case that 
the initial capital stock kọ is well below its 
ultimate level k(p). In that case, as p is de- 
creased, that is, as the present valuation of 
consumption in a distant future is increased, 
then the asymptotic levels of the capital 
stock and of consumption are both in- 
creased. However, to accumulate the addi- 
tional capital that makes this feasible, con- 
sumption in the present and the near future 
is further decreased. Thus, the impatience, 
expressed by a positive discount rate merely 
denies to uncounted distant generations a 
permanently higher level of consumption 
because that would necessitate a substan- 
tially smaller present consumption. Perhaps 
a pity, but not a sin. 

Ramsey showed that the effect of a de- 
crease In p goes right down to but not be- 
yond the limiting case of no discounting, 
p = 0. The optimal paths for that case are 
shown by dashed lines in Figure 3. Ramsey 
used an ingenious mathematical device that 
gets around the nonconvergence of the 
utility integral for p = 0, and also leads to a 
proof simpler than the one for positive p. 

This narrow escape for virtue is blocked 
off by some quite plausible modifications of 
the model toward greater realism. For in- 
stance, one may introduce a population 
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(= labor force) L, that changes with time 
and, for interpersonal equity, modify the 
objective function to read 


V = T e~" L ute,)dt 
0 


the objective function representing indi- 
viduals, where c, is now interpreted as per 
capita consumption, k, as ditto capital. The 
thought here is to give equal weight (apart 
from discounting) to all future individuals 
rather than generations. Assume further 
that Z, cannot be influenced but is subject 
to an exogenous exponential growth 


L = Loe™, A> 0 


over time. By way of example, let A cor- 
respond to a growth by 3 percent per year. 
Then, for mathematical reasons alone, the 
discount rate p has to correspond to at least 
3 percent per year for an optimal path to 
exist. If one tries to keep p at zero and force 
existence by imposing a finite time horizon 
of one century, say, then the “optimiza- 
tion” produces an irrational and arbitrary 
pileup of consumption toward the end of 
that century while the capital stock runs 
down to zero—or to any other prescribed 
level that still leaves room for a terminal 
splurge. 

The model discussed so far leaves out im- 
portant aspects of the modern economy. I 
shall comment briefly on the incorporation 
into the model of 1) exhaustible ‘resources; 
2) technological change; 3) population as a 
policy variable. 

With regard to exhaustible resources, | 
shall only consider the extreme case of an 
essential resource. By this I mean a resource 
that is essential to sustaining life, is not 
capable of complete recycling, and has no 
substitute either now or later within the re- 
maining period of its availability. 

I have constructed a highly simplified 
model (1973) of an essential resource which 
leads to conclusions quite different from 
those reached for the preceding capital 
model. The only process in the technology 
consists of costless extraction of the re- 
source combined with its immediate and 
direct consumption. This process is avail- 
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FIGURE 4 


able at all times until the time T at which 
the resource is exhausted. Population is 
assumed given and constant for the survival 
periodO <$ t = T. At time T it falls to zero. 
In these circumstances, higher per capita 
consumption by those living early enough 
to share in the available resource shortens 
the survival period, hence reduces the total 
number sharing. Thus the survival period is 
now a policy variable, and thereby so is 
population in some part of the future. 

We now adopt again the objective func- 
tion of the Ramsey model with discounting, 
except that the integration extends only 
over the period of survival. Then, unlike in 
the capital model, the optimal path now de- 
pends on where one places the zero point in 
the utility scale in which the function u(-) is 
expressed. Let us set this zero point some- 
what arbitrarily at the utility flow level, 
u(r) = 0, of the resource consumption level 
r below which life cannot be sustained. The 
resulting function u(r) is shown (again side- 
ways) on the left in Figure 4. 

In the absence of discounting (p = 0), 
time now enters only as a scale on which the 
fatal cutoff point T is determined. Among 
those so admitted equal sharing is clearly 
optimal, hence optimal consumption stays 
ata constant level over time. Figure 4 shows 
(dashed lines) how this level, and therewith 
the survival period, are determined: All in- 


cluded claimants consume optimally at that 
unique per capita level F that maximizes the 
utility flow per unit of resource flow con- 
sumed. Note that this consumption level is 
well above the subsistence minimum z. This 
result is to be expected from an objective 
function that places value not on the num- 
ber of included people as such, but only on 
the “number of utils” enjoyed by all alive 
taken together. 

Discounting (p > 0) now introduces un- 
equal weights, decreasing as time goes on, 
zbetween people with equal technological 
opportunities. The result is (solid line) that 
the consumption of earlier claimants is 
raised over that of later ones, with the last 
claimants no better off than before. Of ne- 
cessity, the cutoff point arrives sooner, and 
some of those included for p = 0 will not be 
there to press their claim if p > 0. 

I hold no brief for the realism of- this 
model. I have brought it up only as a stark 
demonstration of the point that the prob- 
lem of whether and how much to discount 
future utilities cannot be equitably resolved 
a priori and in the abstract. One needs to 
take into account the opportunities ex- 
pected to be available to the various con- 
sumers now and later, for the given tech- 
nology and resource base. 

Does there exist an essential resource, as 
defined above, exhaustible in less than 
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astronomical or even ‘geological time? I 
have argued elsewhere (1973) that the best 
available answer to this question must come 
from those natural scientists and engineers 
most able to assess what future technology 
may do, or be made to do, to find substitute 
materials or fuels for those now within sight 
of exhaustion. I should add that geologists 
may well develop ways to pin down further 
the best estimates of ultimate availability. 
Economists could bring up the rear with 
methods for integrating the diverse pieces 
of information so obtained. 

This leads to a few remarks on models 
that recognize technological change, and the 
uncertainty by which it is inevitably sur- 
rounded. A conceptual step forward in this 
direction has been made by Dasgupta and 
Heal (1974). Their model postulates an 
exhaustible resource for which a substitute 
will or may become available at an uncer- 
tain future date. The uncertainty is de- 
scribed by a subjectively estimated prob- 
ability distribution. Capital accumulation is 
also represented in the model. The objective 
function is the mean value of the distribu- 
tion of the sum of discounted utilities over 
an infinite future period. The optimal path 
to be found consists of two successive seg- 
ments. One is the path to be followed from 
t= Q up to the as yet unknown time t = T 
of the availability of the substitute. The 
other is the path to be followed from time T 
on, which of course depends on the situa- 
tion in which the advent of the substitute 
finds the economy. 

In one interesting sub-case, the effect of 
uncertainty can be represented by an equiv- 
alent addition to the discount rate—until 
the substitute is available. This is the case 
in which the technological change is ex- 
pected to be so incisive that the old capital 
stock will lose all its value as a result of the 
availability of the new technology. 

Deep problems of choice of optimality 
criterion arise in models in which population 


_ size is a decision variable, or is affected by 


decision variables. I shall contrast only two 
distinct criteria. One, used in a population 
context by Meade (1955), Dasgupta (1969), 
and others, is given by the “objective func- 
tion representing individuals” already dis- 
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cussed. This function multiplies the utility 
of pèr capita consumption by the number of 
consumers before forming the discounted 
sum. The other criterion, the “function rep- 
resenting generations,” sums just the per 
capita utilities. 

The argument by Arrow and Kurz (1970, 
1.4) in favor of the former criterion uses the 
analogy of two contemporaneous island 
populations under one government. It 
shows convincingly that per capita utilities 
for the two islands must before their addi- 
tion be multiplied by the respective popula- 
tions if one wants to avoid discrimination 
between people of the two groups. . 

Does this argument carry over to genera- 
tions that succeed each other in time? One 
might well argue this on the same grounds if 
population increase Is a truly exogenous 


- function of time, unalterable by any policy, 


but fortunately one that permits a feasible 
path. One such case was already considered 
above. But in fact population can be in- 
fluenced, directly by persuasion and provi- 
sion of information, or indirectly through 
other economic variables. I submit that this 
makes a difference. 

A distinction should be made here be- 
tween concern for the welfare of those al- 
ready alive and of those as yet unborn 
whose numbers are still undecided. Current 
social ethic urges recognition of the needs 
and desires of living persons, within na- 
tions, and between nations—even though 
practice differs from norm. But there is 
something open-ended about the same con- 
cern for our descendants. How many de- 
scendants? 

The answer to that question is different 
for the two criteria we are now comparing. 
On the basis of indications in a recent paper 
of Pitchford (1975, p. 21) I conjecture? that 
the criterion representing individuals will, 
under constraints like those considered 
above, recommend a smaller per capita 


*For this conjecture to be well defined, the criterion 
must again specify the zero point in the utility scale. I 
set it again at the subsistence minimum, because asso- 
ciating a zero utility with any higher consumption level 
would imply a preference for the phasing out of human 
life in some adverse circumstances in which a very low 
consumption level permitting survival remains feasible. 
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utility for all generations, present and 
future, than does the criterion representing 
generations. This is to be expected because 
the criterion representing individuals at- 
taches value to numbers as such. Specifi- 
cally it would rate the combination of a 
given per capita utility level and population 
size below another combination with a 5 
percent lower utility, say, and a more than 
5 percent larger population. 

So the issue appears to be one of quantity 
versus quality. Again, one would want to 
try out the two criteria, and other ones, 
under a variety of constraints before a fully 
considered judgment can be made. But the 
simple idea of adding up individual utilities 


, does not seem to me compelling in itself, 


Those already born are committed to their 
existence by the instinct of self-preserva- 
tion. Choosing a criterion that limits births 
so as to allow a good existence to an in- 
definitely continuing sequence of genera- 
tions appears sufficient as an end in itself. 
Why more people at the expense of each of 
them? 

The foregoing discussion tacitly assumes 
that net population increase can be con- 
trolled without much delay, within the range 
recommended by optimization. In reality, 
neither the techniques nor the acceptance of 
birth control are such as to support that 
assumption. On the other hand, it is not so 
that population increase can be regarded as 
entirely exogenous. This suggests refine- 
ment of the models in two directions. 

First, a more realistic model should in- 
corporate estimates of the relations describ- 
ing the response of reproductive behavior to 
levels of income, education, housing, med- 
ical care, and other causative variables. In 
circumstances where the resulting path of 
population does not seriously reduce per 
capita income below what could be achieved 
by a more direct population policy, no 
further action would be required. Where 
this is not the case, the processes whereby 
reproductive behavior can be influenced, 
and in particular the relation between re- 
source inputs into these processes and the 
responses to them (prompt and delayed) 
need to be incorporated in the model. Con- 
siderations of this kind have been intro- 
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duced into optimal population models by 
Pitchford (1974). ` 

The second refinement concerns the 
optimality criterion. Situations occur in 
which what can be achieved by population 
policies can only diminish but not prevent a 
lowering of the per capita consumption 
sustained by domestic resources, for an ex- 
tended period ahead. In such cases a realistic 
view will recognize an exogenous com- 
ponent in the future path of population for 
some time to come. One may then want to 
explore optimality criteria that extend to 
those as yet unborn children whose birth 
had better, but cannot, be prevented the 


same consideration as to those already - 


born. 


We have considered two broad fields of . 


application for optimization models. One’ 
comprises the detailed and data-oriented 


optimization of the decisions of the enter- .- 


prise or public agency——and also the coor- 
dination of such decisions through a price 
system, through centralized planning and 
management, or both. The other is the more 
speculative study of alternative aggregate 
future growth paths for an entire economy. 
In conclusion | want to make some re- 
marks about the growing field of develop- 
ment programming, in which the two strands 
of thought are being combined and merged. 
One early step in this development was the 
construction of a mathematical program- 
ming model for an economy as of some 
future year, including investments and the 
flow of aid in the intervening period as de- 


cision variables. An example is the study of. 


the economy of southern Italy by Chenery, 
writing with Kretschmer and with Uzawa. 


An evaluative description of experiences 
with Hungarian economic planning along 


these lines was written by Kornai. Later 


studies, such as that of the Mexican econ- ` 
omy by Goreux, Manne et al. envisaged a 


sequence of future years. In most of these 
studies data availabilities determined the 
use of Leontief’s input-output framework 
for representing the production possibilities 
of the economy as a whole. Policy choices 
and optimization were introduced where 
data so permitted. One example is the 
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choice between domestic production versus 
imports paid for by exports in the southern 
Italy study. Others are the sectoral detail in 
the Hungarian studies, and concentration 
on the energy and especially electric energy 
sectors in the Mexican one. 

A weakness in the treatment of consump- 
tion in optimal growth models, noted by 
Chakravarty, is the lack of continuity be- 
tween consumption levels in the past and 
those recommended by otherwise reason- 
able looking optimality criteria for the near 
future. One remedy proposed by Manne 
(1970) has been to constrain future con- 
sumption paths to a family of smooth paths 
all anchored on the most recent observed 
level of consumption. 

Econometric studies have been used to 
estimate consumption, production and in- 
vestment relations describing decisions not 
or only partly controlled by the policy 


maker. In some cases the studies have gone, 


beyond the convexity assumptions of most 
optimal growth models to recognize econo- 
mies of scale in production. Examples are 
studies by Chenery (1952) of investment in 
pipelines in the United States, and by Manne 
et al. (1967) of plant size, location and tim- 
‘ing of availability in four industries in India. 
A substantial part of the work in this 
field may have escaped the general reader of 
economic journals, because much of the 
work has been published in collective vol- 
umes. Examples of these, not already men- 
tioned, are Manne and Markowitz, Adel- 
man and Thorbecke, Chenery, Blitzer et al. 


One final’ remark. The economist as such 
does not advocate criteria of optimality. He 
may invent them. He will discuss their pros 
and cons, sometimes before but preferably 
after trying out their implications. He may 
also draw attention to situations where all- 
over objectives, such as productive effi- 
ciency, can be served in a decentralized 
manner by particularized criteria, such as 
profit maximization. But the ultimate choice 
is made, usually only implicitly and not al- 
ways consistently, by the procedures of de- 
cision making inherent in the institutions, 
laws, and customs of society. A wide range 
' of professional competences enters into the 


` 
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preparation and deliberation of these deci- 
sions. To the extent that the economist 
takes part in this decisive phase, he does so 
in a double role, as economist, and as a Citi- 
zen of his polity: local polity, national 
polity, or world polity. 


REFERENCES 


Irma Adelman and Erik Thorbecke, The Theory 
and Design of Economic Development, 
Baltimore 1966. 

Kenneth Arrow and Mordecai Kurz, Public In- 
vestment, the Rate of Return, and Optimal 
Fiscal Policy, Baltimore 1970. 

E. Barone, “Il Ministro della Produzione 
nello Stato Collettivista,” Giorn. degli 
Econ., 1908, translation in Friederich A. 
Hayek, ed., Collectivist Economic Plan- 
ning, London 1935. 

R. Beals and T. C. Koopmans, “Maximizing 
Stationary Utility in,a Constant Tech- 
nology,” SIAM J. Appl. Math., Sept. 
1969, 17, 1001-15. 

Charles R. Blitzer et al, Economy-Wide 
Models and Development Planning, Ox- 
ford 1975. 

D. Cass, “Optimum Growth in an Aggregate 
Model of Capital Accumulation: A Turn- 
pike Theorem,” Econometrica, Oct. 1966, 
34, 833-50. 

Gustav Cassel, Tke Theory of Social Econ- 
omy, London 1923. 

Sukhamoy Chakravarty, Capital and Develop- 
ment Planning, Cambridge, Mass. 1969. 
Hollis B. Chenery, Studies in Development 

Planning, Cambridge, Mass. 1971. 

“Overcapacity and the Accelera- 

tion Principle,” Econometrica, Jan. 1952, 

20, 1-28. 

and K. Kretschmer, ““Resource Alloca- 

tion for Economic Development,” Econ- 

ometrica, Oct. 1956, 24, 365-99. 

and H. Uzawa, “Non-Linear Pro- 
gramming in Economic Development,” 
in Kenneth Arrow et al., eds., Studies in 
Linear and Non-Linear Programming, 
Stanford 1958. 

J. S. Chipman, ““A Survey of the Theory of 
International Trade: Part I, The Classical 
Theory,” Econometrica, July 1965, 33, 
477-519. 











VOL. 67 NO. 3 


George B. Dantzig, Linear Programming and 
Extensions, Princeton 1963. 

_._.._, “Application of the Simplex 
Method to a Transportation Problem,” 
in Tjalling Koopmans, ed., Activity Anal- 
ysis of Production and Allocation, New 
York 1951. 

and P. Wolfe, “The Decomposition 

Principle for Linear Programming,” 

Oper. Res., Jan. 1960, 8, 101-11. 

and , “The Decomposition 
Algorithm for Linear Programs,” Econ- 
ometrica, Oct. 1961, 29, 767-78. 

P. S. Dasgupta, “On the Concept of Opti- 
mum Population,” Rev. Econ. Stud., July 
1969, 36, 295-318. 

and G. Heal, “The Optimal Depletion 
of Exhaustible Resources,” Rev. Econ. 
Stud., Symposium, 1974, 3-28. 

D. Gale, “The Closed Linear Model of Pro- 
duction,” in Harold Kuhn and A. W. 
Tucker, eds., Linear Inequalities and Re- 
lated Systems, Princeton 1956. 

, H. W. Kuhn, and A. W. Tucker, ‘“‘Lin- 
ear Programming and the Theory of 

= Games,” in Tjalling Koopmans, ed., 
Activity Analysis of Production and Allo- 
cation, New York 1951, 

L. M. Goreux, A. S. Manne et al., Multi-Level 
Planning: Case Studies in Mexico, Am- 
sterdam 1973, 

F. A. Hayek, “The Use of Knowledge in So- 
ciety,” Amer. Econ. Rev., Sept. 1945, 35, 
519-30. 

F. L. Hitchcock, “The Distribution of a 
Product from Several Sources to Numer- 
ous Localities,” J. Math. and Physics, 
Apr. 1941, 20, 224-30. 

Leonid V. Kantorovich, Mathematischeskie 
Metody Organizatsii i Planirovania Proiz- 
vodstva, Leningrad 1939; translated as 
“Mathematical Methods in the Organiza- 
tion and Planning of Production,’ Man- 
age. Sci., July 1960, 6, 366-422. 

and M. K. Gavurin, ““Primenenie mate- 

maticheskikh metodov v voprosakh 

analiza gruzopotokov,” in Problemy 
povysheniia effektivnosti raboty transporta 

(“The Use of Mathematical Methods in 

Analyzing Problems of Goods Trans- 

port,” in Problems of Increasing the Effi- 



































KOOPMANS: CONCEPTS OF OPTIMALITY 273 


ciency in the Transport Industry, 110-38), 

Academy of Sciences, USSR 1949. 

, Ekonomicheskii raschét nailichshego 

ispolzovania resursoyv, Acad. of Sc., USSR 

1959; translated as The Best Use of Eco- 

nomic Resources, Cambridge, Mass. 1965. 

, “On the Translocation of Masses,” 
Comptes Rendus {Doklady} de F Académie 
des Sciences de URSS, 1942, 37, nos. 
7-8; reprinted in Manage. Sci., Oct. 1958, 
5, 1-4. 

Tjalling C. Koopmans, Activity Analysis of 
Production and Allocation, New York 
1951. 

, Three Essays on the State of Eco- 

nomic Science, New York 1957. 

, Exchange Ratios between Car- 

goes on Various Routes,’ (memo dated 

1942), in Scientific Papers of Tjalling C. 

Koopmans, Berlin 1970. 

, “Optimum Utilization of the 

Transportation System,” in Proc. Inter- ` 

nat. Statist. Conferences, 1951, 5, 136-45. 

, ‘Analysis of Production as an Effi- - 

cient Combination of Activities,” in his 

Activity Analysis of Production and Allo- 

cation, New York 1951. 

, “Stationary Ordinal Utility and 

Impatience,” Econometrica, Apr. 1960, 

28, 287-309. 

, “On the Concept of Optimal Eco- 

nomic Growth,” in The Econometric Ap- 

proach to Development Planning, Amster- 

dam 1965. 

, “Intertemporal Distribution and 

‘Optimal’ Aggregate Economic Growth,” 

in William Fellner et al., eds., Ten Eco- 

nomic Studies in the Tradition of Irving 

Fisher, New York 1967, 95-126. 


, “Economic Growth and Exhaust- 
ible Resources,” in H. C. Bos et al., eds., 
Economic Structure and Development, 
Essays in Honour of Jan Tinbergen, Am- 
sterdam 1973, 239-55. 

and S. Reiter, “A Model of Transpor- 
tation,” in Activity Analysis of Produc- 
tion and Allocation, New York 1951. 

and A. F. Bausch, “Selected Topics in 
Economics Involving Mathematical Rea- 
soning,” SIAM Rev., July 1959, i, 79- 
148. 























’ 


t 


' ; i 
274 THE AMERICAN ECONOMIC REVIEW 





“Stationary Utility and Time Perspec- 
tive,” Econometrica, Jan. 1964, 32, 82- 
100. i 
János Kornai, Mathematical Planning of 
Structural Decisions, Budapest 1967. 
and Th. Liptak, “Two-Level Plan- 
ning,” Econometrica, Jan. 1965, 33, 141- 
69. 





H. W. Kuhn and A. W. Tucker, “Nonlinear 
Programming,” in J. Neyman, ed., Proc. 
Second Berkeley Symposium on Math. 
Statist. and Probability, Berkeley 1950, 
481-92. 

„O. Lange, “On the Economic Theory of 

` Socialism,” Rev. Econ. Stud., Oct. 1936, 
4, 53-71; Feb. 1937, 4, 123-42; reprinted 
in Benjamin Lippincott, ed., On the Eco- 
nomic Theory of Socialism, Minneapolis 

+ 1938. 


W. W. Leontief, “Quantitative Input and 
Output Relations in the Economic Sys- 
tem of the United States,” - Rev. Econ. 
Statist., Aug. 1936, 78, 105-25. 

~, The Structure of the American 
Economy, 1919-1939, Oxford 1941. 


A. P. Lerner, “Statics and Dynamics in 
Socialist Economics,” Econ. J., June 

- 1937, 47, 253-70. 

, Theory and Practice in Socialist 
Economics,” Rev. Econ. Stud., Oct. 1938, 
6, 71-75. 

E. Malinvaud, ““Croissances optimales ‘dans 
un modele macroeconomique,” in The 
Econometric’ Approach to Development 
Planning, Amsterdam 1965, 

, “Decentralized Procedures for 
Planning,” in Edmond Malinvaud and 
Michael Bacharach; eds., Activity Analy- 

_sis in the Theory of Growth and Planning, 
London, New York 1967. 

Alan S. Manne, “Sufficient Conditions for 

Optimality in an Infinite Horizon De- 











, P. A. Diamond, and R. E. Williamson, 


JUNE 1977 


velopment Plan,” Econometrica, Jan. 

1970, 38, 18-38. 

et al., Investments for Capacity Ex- 

pansion: Size, Location, and Time-Phas- 

ing, Cambridge, Mass. 1967. 

and Harry Markowitz, Studies in 
Process Analysis, New York 1963. 

P. Massé and R. Gibrat, “Application of Lin- 
ear Programming to Investments in the 
Electric Power Industry,” Manage. Sci., 
Jan. 1957, 3, 149-66. j 

James E. Meade, Trade and Welfare, Oxford 
1955. 

V. V. Novozhiloy, “Metody soizmerenia 
narodnokhaziaistvennoi effektivnosti 
planovikh i proiektnikh variantov,” 
(“Methods of Comparison of the Na- 
tional Economic Efficiency of Plan- and 
Project-Variants”), Transactions of the 
Leningrad Industrial Institute, 4, 1939. 








J. D. Pitchford, Population in Economic 


Growth, Amsterdam 1974. 

, “Population and Economic 
Growth: Macroeconomics,” paper pre- 
sented at the Econometric Society, Third 
World Congress, Toronto 1975, 

F. P. Ramsey, “A Mathematical Theory of 
Saving,” Econ. J., Dec. 1928, 38, 543-59. 

P. A. Samuelson, “Market Mechanisms and 
-Maximization,” Rand Corp., 1949; re- 
printed in The Collected Scientific Papers 
of Paul A. Samuelson, Cambridge, Mass. 
1966, 425-93. 

Adam Smith, The Wealth of Nations, 1776. 

A. W. Tucker, “Linear and Nonlinear Pro- 
gramming,” Oper. Res., Apr. 1957, 5, 
244-57. . 

J. von Neumann, “A Model of General Equi- 
librium,” (trans. from German original 
of 1936, G. Morgenstern), Rev. Econ. 
Stud., No. 1, 1945, 13, 1-9. 

L. Walras, Eléments d'économie politique 
pure, Lausanne 1874; trans. W. Jaffé, 
Elements of Pure Economics, London 
1954. 





` 


Explaining the Relative Efficieney of Slave 
Agriculture in the Antebellum South 


By ROBERT W. FOGEL AND STANLEY L. ENGERMAN* 


In 1968 we undertook to measure and 
explain the relative technical efficiency of 
input utilization in the agricultural sectors 
of the North and South in 1860. The prin- 
cipal instrument that we employed for this 
task was the geometric index of the relative 
total factor productivity, which is defined 
by equation (1) (symbols are defined in 
Table 1): 


Q, / Q, 


(1) G,/G, 


This index! was originally computed 
from published census data and the results 
were reported in 1971, both with and with- 
out adjustments for differences in the qual- 
ity of outputs and inputs. The ratio of 
G,/G, yielded by the unadjusted computa- 
tion was 109.2. Crude adjustments for dif- 


*Professor of economics and history, Harvard Uni- 
versity, professor of American history and institutions, 
University of Cambridge; professor of economics and 
history, University of Rochester, respectively. Re- 
search on this paper was supported by National Sci- 
ence Foundation grants GS-3262, GS-27262, SOC 76- 
002; and a grant from Harvard University. Earlier 
versions were presented to faculty colloquia and 
seminars at the London School of Economics and 
the universities of Cambridge, Aberdeen, Uppsala, 
Oslo, Glasgow, Texas A&M, Oxford, Cologne, Berlin 
(The Free University), Moscow, Edinburgh, Jeru- 
salem, and Tel Aviv. We benefited from the discussions 
following these presentations as well as from com- 
ments and criticisms by D. G. Champernowne, 
Michael Edelstein, Ephim Fogel, Michael Fogel, 
Robert Gallman, Zvi Griliches, Mark Hopkins, 
Laurence Kotlikoff, .David Landes, Donald Mc- 
Closkey, W. B. Reddaway, Joseph Reid, Jr., Richard 
Rosett, Allan Sanderson, Richard Sylia, James Trus- 
sell, and G. Nicholas von Tunzelmann. 

lIn the computations that follow, this index is mul- 
tiplied by 100 to put it in percentage form. Hereafter 
we refer to G, /G,, as the geometric index of total factor 
productivity, or the productivity index, or the index of 
efficiency. See the authors (1974a) (hereinafter referred 
to as TOTC), II, pp. 126-31. 

2See Table | for brief descriptions of the way in 
which Q, L, K, and T were measured in the various 


(L, /L,) (K, [Ky)®® (Te [Ta )°7 
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ferences between the weights of northern 
and southern livestock, for land quality, for 
the proportion of women and children in 
the labor force, and for other factors, did 
not reduce this ratio as we thought ‘they 
would, but increased it to 138.92 

All differences between the northern and 
southern indexes of total factor productiv- 
ity are, in a certain sense, errors of measure- _ 
ment. If output was correctly measured, 
and if all the inputs and conditions of pro- 
duction were fully specified and correctly. 
measured, the ratio G,/G, would be equal 
to 100. To explain why G,/G, deviates from 
100, then, is a process of accounting for 
such errors of measurement as omitted 
inputs, failure to adjust for differences in 
the quality of inputs, neglect of economies 
of scale or of improvements in the organi- 
zation of production, omitted outputs; dis- 
equilibria in markets, and differences in 
product mixes.’ 


computations. For further details see the authors 
(1971) and TOTC, II, pp. 131~36. 

3 Because of differences in the values of the a;, the 
values of G,/G, presented in Tables B.20 and B.21 of 
TOTC, Il, were 106.4 and 140.8. In the 197] article the 
factor shares. were a, = 0.60, ax = 0.20, and ay= 
0.20. In TOTC the corresponding factor shares, which 
were derived from a production function for the cotton 
South by dividing the output elasticities by 1 + ø, were 
0.58, 0.17, and 0.25. See fn. 8, below. 

4To restate the point more formally, equation (1) as- 
sumes that the production function in the th region is 
QO, = f(L,;, Ki Ti) rather than Q; = S(L;Aijz, 
KjAjx, T;A;r), where Ai, Aig, A;r are the fac- 
tor-augmenting coefficients in the ith region needed to 
transform the inputs of labor, capital, and land into 
“efficiency units.” Note that in the augmenting for- 
mulation, differences in rainfall or sunshine between 
regions do not necessarily imply different regional pro- 
duction functions. As long as the output elasticities 
are the same for both regions, and there are no prob- 
lems in aggregating output, the production functions 
will be the same even though the factor-augmenting 
coefficients differ. However, to the extent that the 
greater rainfall and sunshine of the South raises Asr 
relative to A, 7, the failure to convert the land input in 
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In order t measure tht effect of slavery 
on the process: of production, it is therefore 


necessary to distinguish those mismeasure-" 


ments that represent specific features of the 
slave system from those that are due merely 
to imperfections in the data, imperfections 
in methods of aggregation, or other mis- 
measurements that have no particular bear- 
ing on the operation of the slave system. 
In other words, we wish to obtain a residual 
measure of efficiency limited exclusively to 
measurement errors called “specific features 
of slavery.” We then have the further task 
‘of identifying which specific features of 
slavery account for what parts of the aggre- 
gate value of the residual. 

‘In our 1971 paper we stressed that a 
higher productivity index for the South 
than for the North did not necessarily im- 
ply that the southern advantage was due to 
special features of the slave system. We 
thought it was possible that slave-using 
plantations were less efficient than those 
using free labor, but that for some still un- 
disclosed reason free southern farms were 
extraordinarily efficient. The high value of 
the southern productivity index would then 
be the consequence of averaging over a high 
index for free farms and a low index for 
slave plantations. Another possibility was 
that both slave and free farms that engaged 
in diversified agriculture were about as ef- 


both regions into units of equal efficiency, as is the case 
when equation (1) is employed, raises G, relative to 
G, even when the production functions are identical. 

When the output elasticities, and hence the factor 
shares, in the North and the South differ, an index 
number problem arises, since the same factor shares 
must be applied to the North and the South in order to 
prevent the unit of measurement from affecting the 
result. If the factor shares of the two regions do not 
differ greatly, the index number problem will be minor. 
As we pointed out in our 1971 article, the value of 
G,/G, is robust to plausible alternative estimates of 
the factor shares, Had we reduced the labor share from 
0.58 to 0.5, and raised the capital and land shares 
proportionately so that they summed to 0.5, the par- 
tially adjusted index of G,/G, would have risen from 
138.9 to 147.6. Had we made the labor share 0.7, while 
reducing the capital and land shares proportionately, 
the value of G,/G, would have declined from 138.9 
to 132.2. The issues posed by differences between the 
northern and southern product mixes are discussed in 
Section IV, below. 
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ficient as free farms in the North but 
plantations specializing in the export staples 
were highly efficient. In that case the rela- 
tive productivity of the South might be due 
not to slavery per se, but merely to an 
unusually favorable market situation in 
1860 for those export staples that appena 
to be produced by slave labor. 

While we did not at that time rule out 
these alternatives, evidence in the 1860 Cen- - 
sus indicated that the large slave planta- 
tions produced not only more cotton per 
capita but also more food per capita than 
small free farms in the South. It therefore 
seemed likely that the relative efficiency of 
southern agriculture was probably related 
to certain special features of the slave sys- 
tem. We conjectured that two features of 
slavery were particulariy important. The. 
first is that labor, and perhaps other inputs, 
were employed more intensively under the 
system of slavery than under the system of 
farming with free labor. There is much 
testimony for the proposition that slaves 
worked more days per year and, perhaps, 
more hours per day than free farmers. Since 
our efficiency indexes measured the labor 
input not in man-hours but in man-years, 
the more intensive utilization of labor 
shows up not as greater labor input but as 
a higher level of productivity. In 1971 we 
were inclined to believe that our failure to 
take account of the greater number of hours 
worked per year by slaves than by free men 
explained all, or nearly all, of our index of 
the superior efficiency of slavery. We also 
considered the much-debated possibility 
that there were economies of scale in the 


. slave sector of agriculture. Even scholars 


who thought that slave labor was less ef- - 
ficient than free labor had suggested that 
the lower quality of labor might have been 
offset by the superior entrepreneurship as- 
sociated with large-scale plantations. 

To test these hypotheses we launched a 
search for additional data. A sample of 
5,700 estates containing information on the 
price, age, sex, skills, and handicaps of 
slaves was retrieved from the probate rec- 
ords of southern courts. Southern archives 
yielded a sample of the business records of 
roughly 100 large plantations containing 
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ær, æg, ar = shares in value of output of labor, capital, and land 
a; = output elasticities of the inputs 
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TABLE 1— DEFINITIONS OF SYMBOLS USED IN EQUATIONS AND TABLES. 


Q= 


i 
H 


output. For unadjusted G, and G,, both Q, and Q, were based on the quantities 
reported in the 1860 Census of agriculture. The factors for seed and feed as well as 
the ratios for converting the stock of livestock into annual production were ob- 
tained from Towne and Rasmussen. Uniform national prices of 1860, again taken 
from Towne and Rasmussen, were used to aggregate the quantities produced in 
each region into Q, and Q,. In partially adjusted and more fully adjusted G,, 
the output of animal ‘products was reduced to take account of the low slaughter 
weights prevailing in the South relative to northern slaughter weights. 


input of labor. Free Labor in the North: In unadjusted G,,, La was taken to be equal 
to the census count of farmers and other agricultural occupations listed in the 
1860 Census plus 17 percent of males aged {0-15. Thus children under 10 and 
females were excluded from the labor force. Those included were counted as 
equivalent full hands. In partially adjusted G,, females and children under 10 con- 
tinued to be excluded and males 60 or over were also excluded. Males between 10 
and 59 were converted into equivalent full hands, using the weights applied to male 
slaves in partially adjusted G,. Free Labor in the South: In unadjusted and par- 
tially adjusted G,, the procedures were those employed in the corresponding 
northern indexes. In more fully adjusted G,, free males age 15 or over were given 
the age-specific weights derived from the age-earning profiles of male slaves. On 
farms with 0-5 slaves, free females age 10 or over were given one half the corre- 
sponding age-specific weight for female slaves, and free boys aged 10-14 were given 
the same age-specific weight as male slaves of that age category. The weights ap- 


plied to free females and children on plantations with over 5 slaves were reduced’ 


linearly as plantation size increased, reaching zero for plantations with 50 or more 
slaves. Slaves: In unadjusted G,, 83 percent of all slaves aged 10 or over were 
assumed to be in the labor force and all were counted as equivalent full hands. In 
partially adjusted G,, a deduction was made for rural slaves employed as domestics 
rather than in agricultural production. Rough estimates of age- and sex-specific 
weights based on reports of various authorities were used to convert males and fe- 
males into equivalent full hands. The weights employed for males were: ages 10-14, 
0.40; ages 15-19, 0.88; ages 20-54, 1.0; ages 55-59, 0.75; ages 60 or over, 0. Weights 
for femdles at each age ranged between 70 and 78 percent of the corresponding 
weights for males. In more fully adjusted G,, the weights used to convert males 
and females into equivalent full hands were based on age-earnings profiles reported 
inf{TOTC) Time on the Cross for slaves of each sex. No adjustment was made for 
females engaged in domestic service. However, a deduction was made for males 
who were engaged in activities, primarily artisan crafts, not covered by the output 
measure. 


input of capital. In unadjusted and partially adjusted G, and G,, K was measured 
as the annual rental value of livestock, implements and machinery, and buildings. 


This was taken to be equal to the value of these: items multiplied by the rate of ` 


return on farm capital (10 percent) plus average annual rates of depreciation of 
2 percent for buildings and 10 percent for implements and machinery. In mere fully 
adjusted G,, K was measured by the value of implements and machinery, and a 
corresponding adjustment was made in G, for purposes of comparison with more 
fully adjusted G,. 


input for land. In unadjusted G, and G,, T was measured by total acres in farms. 
In partially adjusted G, and G,, T was measured by the value of land plus improve- 
ments. In more fully adjusted G,, T was measured by the value of land plus im- 
provements and buildings, and a corresponding adjustment was made in G, for 
purposes of comparison with more fully adjusted G,. 


` 


= number of improved acres 


A = the intercept of the production function U = number of unimproved acres 
G = geometric index of total factor productivity yı = price per acre of 7 


o = the scale factor (a; + a> + a3 ~ 1) 


“2 = price per acre of U 


Y = the age of land (years of land settlement) s = a subscript denoting the South 


V = the value of land plus improvements 
6 = the rate of land depletion 
i = the rate of interest 


n = a subscript denoting the North 
-~ =a “hat” over a variable denotes 
the logarithm of that variable 
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TABLE 2—INBEXES OF TOTAL. FACTOR PRODUCTIVITY ON SOUTHERN FARMS, 
: BY SUBREGION AND SIZE OF FARM (G, = 100) 


Size of Farm as 


Measured by the Slave Exporting 

Number of Slaves States 
Per Farm (Old South) 

0 98.4 
1-15 103.3 
16-50 124.9 
51 or more 135.1 
; All slave farms l 118.9 
All farms 116.2 


(sieve and nonslave) ` 
in the subregion 


All States in, 

Slave Importing Parker-Gallman 
© States Sample 

(New South) (Cotton South) 
112.7 109.3 
127.2 117.7 
176.1 - 158.2 
154.7 145.9 
153.1 140.4 
144.7 134.7 


Source: TOTC, ll, p. 139. The slave-exporting (Old South) states are Georgia, North 
Carolina, South Carolina, and Virginia; the slave-importing (New South) states are 
Alabama, Arkansas, Florida, Louisiana, Mississippi, Tennessee, ard Texas. 


either detailed information on the organi- 
zation Of production, including the daily 
activities of each slave in the labor force, or 
demographic information needed to adjust 
the labor input of women.’ The data in 
these sources, combined with the data in the 
Parker-Gallman sample of over 5,000 
southern farms listed in the manuscript 
schedules of the 1860 Census,® made it pos- 
sible to refine the input and output measures 
of G,. The net effect of these refinements 
was to reduce G,/G, to 134.77 The new 
data also permitted the computation of 
total factor productivity indexes by farm 
size and subregion. Tables 2 and 3 show 
that the superior efficiency of southern 
agriculture was not due primarily to the 


~ 5A further description of these two samples, as well 
as of 21 additional samples containing evidence rele- 
vant to the analysis of the slave economy, is contained 
in the authors (1975), Table 2, pp. 6-8. The appendix 
of the same source (pp. 137-39) contains a state and 
county distribution of the 77,000 slaves in the probate 
sample, by plantation size. It also contains more ex- 
tended descriptions of 6 of the other 22 samples. 

6 James Foust gives a detailed description of the de- 
sign of the Parker-Gallman sample and of the infor- 
mation contained in it. He also tests various statistics 
computed from the sample against the aggregate 1860 
Census to assess the representativeness of the sample. 

TThe evidence collected between 1971 and 1973 indi- 
cated that our previous belief that slaves worked more 
hours per year than free farmers was incorrect, We 


high performance of the free farms of the 
South. Free farms of the Old South fell be- 
low the efficiency of northern farms by 
2 percent, while free farms in the New 
South exceeded the efficiency of northern 
farms by 13 percent. Thus only 4 percent 
of theefficiency advantage of southern over 
northern agriculture was due to the superior 
performance of the free sector. Slave farms 
accounted for 96 percent of the southern 
advantage. 

Table 3 shows that within each region 


continued, therefore, to measure the labor input of 
slaves and free men in man-years, presenting only a 
brief and, in retrospect, inadequate justification for 
this procedure (see TCTC, I, pp. 207-08). The question 
is discussed more fully in Section III of this paper. 

Paul David and Peter Temin (p. 277) have argued 
that the interim weights that we applied to labor in the 
North biased the productivity comparison in favor of 
the South rather than in favor of the North. However, 
the ratio of equivalent peak-productive hands to per- 
sons on farms in the North yielded by our partially 
adjusted procedure is 0.273. If we had applied the same 
age- and sex-specific weights in the North that we did 
for the free farmers in the South under the more fully 
adjusted procedure, the ratio of equivalent peak-pro- 
ductive hands to persons on farms would have been 
0.389. In other words, if we had used the procedure 
proposed by David ard Temin, the labor input of 
northern farms would have increased by 42.5 percent. 
As a consequence the ratio G,/G, would have been 
not 134.7, but 165.4. 
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TABLE 3—THE RELATIONSHIP BETWEEN TOTAL FACTOR PRODUCTIVITY’ AND 
FARM SIZE IN EACH REGION 
(Index of Free Farms in Each Region = 100) 


VOL. 67 NO. 3 
Number of Slave Exporting 
Slaves States 
Per Farm (Old South) 

0 100.0 

1-15 105.0 

16-50 126.9 

51 or more 137.3 

a All slave farms 120.8 


Source: TOTC, Il, p. 139. 


efficiency increased with farm size, except 
that in the New South the efficiency index is 
higher for medium than for large planta- 
tions.2? While we considered the possibility 
that in the West this intermediate category 
of slave plantations was actually more eff- 
cient than large plantations, we believed 
that the reversal was probably due to mea- 
surement errors. One was a failure to adjust 
adequately for the locational component of 
land values, which might have accounted 
for a much larger share of total land value 
on slave plantations with 51 or more slaves, 
especially in the New South, than on slave 
plantations in the 16-50 category. Another 
was the inadequacy of our adjustment for 
omitted products. Large slave farms, espe- 
cially in the West, probably engaged much 
more heavily in home manufacture than did 
small ones. Large slave farms also appear 


8Table 3 suggests economies of scale, To test for this 
possibility we fitted 


Ô = Â + a (K - È) + (T - È) + (1 + o)È 


to measures of the inputs and outputs derived from the 
Parker-Gallman sample. The resulting regression was 


Ô = 2.898 + 0.1815(K — L) + 0.2606(7 — £) + 1.06452 
(0.0113) (0.0125) (0.0124) 


(figures in parentheses are standard errors), The scale 
factor (ø = 0.0645) is significant at well beyond the 
0.001 level, Similar regressions, fitted to data for vari- 
ous regions, indicate that the scale factor was larger 
in the New South than in the Old South. A more com- 
plete discussion of these regional regressions will be 
presented in the authors’ forthcoming book. 


All States in 


Slave Importing Parker-Gallman 


States Sample 
(New South) (Cotton South) 
100.0 100.0 
112.9 107.7 
156.3 144.7 
137.3 133.5 ! 
135.8 128.5 


to have devoted a larger share of the labor 


force to domestic services than did small 
plantations. We did not think that when 
these adjustments weré made the entire dif- 
ferential in efficiency between the Old and 
New South would disappear. The contin- 
uous flow of labor from the Old South to 
the New South suggests that the long-run 
equilibrium between the two regions had 
not been attained by 1860. Hence one 


-would expect to find some efficiency advan- 


tage in the newer area. ea 
The criticism of our efficiency computa- 
tion have largely followed the lines of analy- 
sis set forth in both our 1971 essay and in 
Time on the Cross. The important and 
widely cited critique of our productivity 
measures by Paul David and Peter Temin, 
for example, is largely a restatement of the 
caveats that we incorporated in the presen- 
tation of our findings, except that in vir- 
tually every place where we said that the 
measurement bias was negligible or ‘went 
against the South, David and Temin sought» 
to make the case that it was large or went 
in favor of the South. In this effort, the 
critics did not present new bodies of evi- 
dence that we overlooked but either con- 
jectured upon the possibility that missing 
evidence could be found that would over- 
turn our findings or else dwelt upon what 
they considered to be internal inconsisten- 
cies in our analysis or between various parts 
of the evidential corpus. The debate -over 
efficiency has thus focused on a set of issues 
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that both sides view as the agenda for a new 
round of research.? The balance of this 
paper reports on our progress in working 
through that agenda. 


- ome 


I. The Use of 1860 Price Relatives 
and Cotton Output 


In chapter 3 of Time on the Cross we pre- 
sented evidence indicating that the 1850’s 
were a boom period for cotton planters, 
with the demand for cotton increasing 
rapidly and cotton prices generally well 
above their long-run trend. These findings 
led Thomas Haskell, David and Temin, 
Gavin Wright, Harold Woodman, and a 
number of others to argue that the high 
relative efficiency of southern agriculture 
indicated by the ratio G,/G, is merely an 
artifact of the temporarily inflated price of 
cotton in 1860—of our decision to use 1860 
price relatives instead of those of a more 
normal year in computing the aggregate 
output of both the North and the South. 

Even if this argument about the direction 
of the bias were correct, there would still be 
the question of the magnitude of the bias. 
Between 1857 and 1860 there was a very 
substantial supply response on the part of 
cotton producers, which led to a fall in 
prices from the 1857 peak. By 1860, cotton 
prices had declined to within 8 percent of 

- their long-run trend, or equilibrium, value. 
If, in aggregating southern output, we re- 
-duced the price applied to cotton by 7.5 
percent [1 — (1/1.08) = 0.075], the ratio 
G,/G, would decline from 134.7 to 131.8." 

What has been overlooked by Haskell 
and others is that 1860 was a boom year for 
all of agriculture and not merely cotton. 
Consequently, the direction of the bias in- 
troduced by using 1860 prices to aggregate 
output does not turn on whether cotton was 
high relative to its price in other years, but 
whether it was higher than normal relative 


°Other important critiques of our efficiency mea- 
sures include Lance Davis, Thomas Haskell (1974, 
1975), Harold Woodman, and Gavin Wright (1974, 
1975). 

10The cotton share of southern farm output (0.284) 
was computed from data underlying the computations 
described in TOTC, Il, pp. 121-38. 


TABLE 4—-THEe RATIO OF THE PRICES OF THE 
PRINCIPAL PRODUCTS OF NORTHERN FARMS 
TO THE PRICE oF COTTON 


1860 1850 

(1) (2) (3)" 
Corn/cotton 4.0 3.4 118 
Wheat/cotton 8.9 6.8 131 
Hogs/cotton 42.5 27.5 155 
Cattle/cotton 33.4 24.3 137 


Source: Computed from data in Marvin Towne and 

Wayne Rasmussen, pp. 283, 284, 294, 297, 308. Cotton 

is in dollars per pound, hogs and cattle in dollars per 

hundredweight, corn and wheat in dollars per bushel. 
"Columns (1) + (2) x 100. 


to other agricultural prices, particularly to 
those of the principal northern agricultural 
products. Table 4 shows that the prices of « 
the principal northern products relative to 


_ cotton were higher in 1860 than in 1850 (the 


only other year in which the data are suffi- 
ciently complete to permit the type of inter- 
and intraregional efficiency comparisons 
that we require). Had we chosen the 1850 
set of price relatives or computed our effi- 
ciency indexes for 1850, as some have advo- 
cated, we would have increased (not re- 
duced) the measured efficiency of slave 
agriculture relative to that of free agricul- 
ture as well as the advantage of large plan- 
tations relative to small farms. 

Is it possible that both 1850 and 1860 are 
rare exceptions and that the price relatives 
of most other years would in fact support 
the case of the critics? Table 5 provides an 
answer to that question. It shows that the 
ratio of all farm product prices to that of 
cotton was 18 percent higher in 1860 than it 
was on average over the entire half century 
from 1811 to 1860. Thus in choosing the 
price relatives of 1860 to construct the out- 
put indexes, we chose a set of prices less 
favorable to the South than those that pre- 
vailed in 34 of the 49 years preceding 1860. 

Wright (1975) argued that the choice of 
1860 biased the productivity computation in 
favor of the South for still another reason. 
He believes that the South was the bene- 
ficiary of “random fluctuations in yields 
around their normal levels” (pp. 449-50) 
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TABLE 5—THE RATIO OF AN INDEX OF ALL 
FARM PRODUCT PRICES TO THE PRICE 
OF COTTON 
(ratio for 1811-20 = 100) 


1860 135 
Average for the Half Century 

1811-60 114 
Decade Averages 

1811-20 100 

1821-30 96 

1831-40 115 

1841-50 136 

1851-60 143 


Source: Computed from U.S, Bureau of the Census, 
1960, pp. 115, 124. For each time period the average 
value of the index of all farm product prices was di- 
vided by the average price of cotton. The resulting 
ratios were then expressed as a percentage of the ratio 
for 1811-20. 


that made the cotton crop of 1860 un- 
usually large. This fortunate event, he con- 
jectured, caused cotton production in the 
New South to be between 35.2 and 43.5 
percent above its predicted, or normal, 
level (p. 444). Wright presented no actual 
evidence on yields to support this conjec- 
ture. Since the U.S. Department of Agricul- 
ture (USDA) did not begin collecting data 
on cotton acreage until after the Civil War, 
there is no basis for systematic estimates of 
annual cotton yields per acre harvested 
during the antebellum years. 

Over the years 1867-1900, for which data 
on cotton yields are available, the average 
annual yield per acre is 177.1 pounds and 
the standard deviation is 20.10.'' Thus a 
chance deviation in yields of between 35 
and 44 percent above the mean (between 
3.1 and 3.8 standard deviations) is an event 
so rare (less than one in a thousand) that 
one would expect it to have occasioned 
great comment among planters and in the 
agricultural publications of the time. Yet 
while much was said about the large size of 
the 1860 crop, the available commentaries 
are devoid of references to an extraordinar- 


11Computed from USDA, 1955, p. 5. The observa- 
tion for 1866 was dropped because yields in that year 
were abnormally low as a result of the postwar dis- 
organization of southern agriculture. But its inclusion 
would not affect the argument. 
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ily high yield (see, for example, U.S. Bureau 
of the Census, 1862, p. 84; Lewis Cecil Gray, 
chs. 30 and 37; James Watkins, p. 10). 
Wright based his conjecture on a supply 
curve for cotton that he has estimated, in 
which the output of cotton in a given year 
is made a function of the price of cotton 
(lagged one year) and the cumulative sales 
of public land (lagged two years) in four 
states of the New South and Florida 
(Wright 1971, pp. 111, 114). When Wright 
argues that the 1860 production of cotton in 
these states was above the predicted level, 
he means that observed output was above 
the level predicted by a model in which only 
cumulated past sales of public land can shift 
the supply curve of cotton. He arbitrarily 
assigns the entire residual for 1860 to cotton 
yields, although at least some part, if not all 
of it, is merely the artifact of an equation 
that failed to take account of such other’ 
determinants of supply as the proportion of 
privately held land that was in farms, the 
proportion of land in farms that was im- 
proved, the proportion of improved land 
sown in cotton, and the labor to land ratio. 
Rather than being fixed during the decade 
of the 1850’s, as Wright assumed, these 
ratios were changing in such a manner as to 
increase the supply of cotton more rapidly 
than the cumulative total of public land 
sales. Between 1850 and 1860 the amount 
of improved land in the farms of the four. 
states of the New South singled out by 
Wright increased by 59 percent, which was 
1.6 times more rapid than corn production, 
8.4 times more rapid than sweet potato pro- 
duction, and 20 times more rapid than the 
stock of hogs (U.S. Bureau of the Census 
1862, pp. 196-236). This suggests that cot- 
ton was getting an increasing share of im- 
proved land at the expense of the principal 
food and feed crops.” In several cases, in- 


l2Regressions relating yield per acre of cotton and 
yield per acre of corn in the cotton states estimated for 
the period 1867-1900 indicate that the elasticity of 
corn yields with respect to cotton yields was 1.1. It 
follows that if weather caused the cotton yield of these 
states to be 35 percent above normal, one would expect 
corn yields to be 38 percent above their normal level. > 
Since Wright argues that yields in 1850 were below 
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cluding oats and rice,output not only failed 
to keep pace with rate of growth of im- 
proved land but declined absolutely. Public 
land sales are, of course, irrelevant to the 
supply of cotton in states that accounted for 
over a quarter of the crop of 1860, since 
they were not public-land states., In South 
Carolina, for example, cotton production 
increased by 17 percent between 1850 and 
1860, although land in farms decreased 
slightly (see U.S. Bureau of the Census 
1862, pp. 196-209). 

W hat then explains the big increase in the 
output of cotton between 1850 and 1860? 
A complete answer to this question is be- 
yond reach, but factors explaining about 91 
percent of the tncrease can be identified. 
While we do not know what annual cotton 
yields were prior to the Civil War, in 1868 
the U.S. commissioner of agriculture asked 
his corps of crop reporters to ascertain the 
normal cotton yields, as well as the normal 
share of tilled land sown in cotton, that had 
prevailed in 1860 and the years immediately 
preceding it. The figures obtained by this 
survey (pp. 414-15} indicate that the shift 
in the geographic locus of cotton produc- 
tion from the Old to the New South ex- 
plains about 8 percent of the increase in 
output between 1850 and 1860. Assuming 
that within each state cotton just main- 
tained its share of improved land, the in- 
crease in improved land explains 41 percent 
of the growth in the cotton crop. The 
amount of land switched within states from 
other crops to cotton cannot be known with 
certainty. But if we assume that the entire 
shift was confined to corn, the failure of 
corn production to keep pace with the in- 
crease in improved land implies that within- 
state reallocations of improved acreage ex- 
plain another 42 percent of the growth in 
the cotton crop. These estimates leave a 


4 


normal, if the acreage devoted to corn had been held 
constant, one would expect the random fluctuation of - 


yields hypothesized by Wright to have made the 1860 
output of corn at least 38 percent greater than in 1850. 
That corn output actually increased by only 19 per- 
cent, therefore leads to the improbable conclusion that 
there was not only a proportionate decline but an 
absolute decline of 16 percent in the acreage devoted 


to corn between the two dates. 
eo 
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residual of 9 percent to be explained by all 
other factors including increases in the use 
of fertilizers, increases in the labor to land 
ratio, and random fluctuations in yields.'? 
But even if one grants so fortunate an 
event in 1859-60 as cotton yields that were 
1.65 standard deviations above the mean 
(an event expected only once in 20 years), 
and assuming that northern farmers shared 
none of the benefits of the favorable weather 
that supposedly visited the South dur- 
ing 1859-60, the appropriate adjustment 
would just reduce G,/G, from 134.7 to 
128.7. If we grant both fortuitously high 
cotton yields and inappropriately high price 
relatives, the ratio G,/G, declines to 126.3." 


II. Problems in Measuring the Land Input 
We turn now to the two principal criti- 


.cisms of our measure of the land input. In 


13The increase in output due to interstate shifts has 
two components: that due to the increase in the 
Southwide proportion of land in cotton and that due 
to the increase in the Southwide average yield per 
acre. Data for estimating both components were ob- 
tained from U.S. Bureau of the Census, 1895, pp. 92, 
100; and USDA, 1868, pp.414—15. The reallocation of 
corn land to cotton within states was computed by 
subtracting the actual 1860 production of corn in each 
of the 10 cotton states from the crop that would have 
been observed in each state if the growth of output 
had kept pace with the increase of improved land. 
The sum of these differences divided by 13.350 bushels, 
the average corn yield per harvested acre in these states 
between 1867 and 1900 (USDA, 1954), gives the num- 
ber of acres switched from corn to cotton (there was no 
trend in corn yields between 1867 and 1900). The 1860 
output of cotton divided by 177.1 pounds, the average 
per acre yield of cotton between 1867 and 1900, gives 
the number of acres in cotton in 1860. The last figure 
divided into the acreage that would have been in cot- 
ton if corn land had not been switched to cotton, 
represents the percentage increase in the output of cot- 
ton due to the within-state shift of land into cotton. 
This computation assumes that none of the increase in 
corn production between 1850 and 1860 is due to ran- 
dom fluctuations in yields. As fn. 12 indicates, such a 
fluctuation implies a greater reallocation of corn land 
to cotton than we have allowed. The distribution of 
interaction terms was resolved by converting the cal- 
culation to annual rates of change. 

14The reduction in price, of course, only applies to 
the output of cotton reduced by 15.8 percent, the re- 
duction which corresponds to 1.65 standard devia- 
tions. To grant a random increase in yields of 1.65 


. standard deviations above the mean is to attribute 


more than 175 percent of the unexplained increase in 
the cotton crop to good fortune. 


t 
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our quality adjustment of the land input we 
used land values (V) rather than the rental 
value of land [(i + 6)V], which contains a 
term for land depletion. It has been argued 
that land was depleted in the South, espe- 
cially in the slave-selling states, much more 
rapidly than in the North. To test this 
hypothesis we examined the relationship of 
land yields to the length of settlement in the 
selling states.! The effect of the length of 
settlement on land yields was estimated 
from equation (2): 


(2) @-T= Bo + BAL - Î) 
+ B,(K - T) + B, Y 


The equation was fitted to output and 
input measures constructed from the 
Parker-Gallman sample. When T was mea- 
sured by total acres, the resulting regression 
was 


(3) O-T = 3.988 + 0.6070(£ — Î) 
(0.0243) 


+ 0.2682(K — Î) — 0.00570 Y 
(0.0174) (0.00077) 


R? = 0.5045; N = 1,539 


When T was measured by improved acres, 
the resulting regression was 


(4) O-T = 3.336 + 0.3736(L — T) 
(0.0242) 
+ 0.1786(K — T) — 0.00558 Y 
(0.0167) (0.00071) 


R? = 0.2589; N = 1,539 


In both regressions, 8,, which we inter- 
pret as the rate at which land yields changed 
with the length of settlement, is statistically 
Significant, negative, but small. Whether 
this rate of decline, barely 1/2 of 1 percent 
per annum, was more or less than in the 
North remains to be determined. However, 
even if one assumes that the northern deple- 
tion rate was zero, an adjustment for deple- 


l5See Cairnes, pp. 52-53; Phillips, pp. 332, 336; 
Gray, pp. 447-448; Genovese, pp. 85-105. 

16See Wright (1969), ch. 4, for an earlier attempt to 
test this hypothesis. Wright did not, however, con- 
struct an aggregate index of output nor adjust for dif- 
ferences in the quality of the inputs of labor. 
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tion in the South would raise that region’s 
input of land by less than 6 percent. This 
rise, in turn, would reduce G,/G, from 134.7 
to 132.9. Combining the adjustment for 
depletion with those for high cotton prices 
and fortunate yields, reduces G,/G, to 
124.5. 

David and Temin centered their criticism 
of our adjustment for differences in land 
quality on our failure to remove the loca- 
tional component of land values. This omis- 
sion created a more serious problem than 
the neglect of depletion, especially for the 
intra-South efficiency comparisons. The 
problem would not arise if farm-gate prices 
had been used in constructing the output 
index. For then farms located far from mar- 
kets would receive lower prices for’ their 
products and also have lower values per 
acre of land than farms close to markets. 
Since uniform national prices were em- 


ployed in constructing the output index, we. ' 


implicitly assumed that all farms used the’ 


same average amount of transport service. 
If, as is frequently asserted, large slave 
plantations were generally better located 
than small farms, the assumption would in- 


troduce a bias against large plantations in ` 


the productivity comparisons. To test this 
hypothesis we estimated equation (5), on 
farms of various sizes, both by state and for 
the South as a whole.” 


The preliminary results of the analysis 


are summarized in Table 6, which shows 
that the locational component of land (esti- 
mated as y, per acre) for the South as a 
whole was an average of 44 percent of land 
values. Thus 56 percent of so-called land 
values were due to investment in the land, 
and not, as is so often argued, to locational 
rents. Plantations with 51 or more slaves, 
however, were an exception. These large 
plantations, it turns out, were much better 


See Wright (1969), p. 95. Wright’s regressions 
were fitted to the counties in the various soil categories 
that were constructed by Gray. Wright did not at- 
tempt to produce state or Southwide estimates of yı 


and ‘yy by farm size but he did point out that it was ` 


yı that explained most of the value of farmland and 


impr ovements. 
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TABLE 6—THE SHARE OF IMPROVEMENTS IN THE TOTAL VALUE 
OF LAND PLUS IMPROVEMENTS, BY FARM SIZE 
All Farms 
l . in Cotton 
Number of Slaves per Farm: 0 1-15 16-50 51+ South 
(1) Improved acres 
per farm (/) 46.85 121,25 349.76 930,24 141.94 
(2) Unimproved acres 
per farm (U) 140.41 315.69 653.37 1,710.85 320.72 
(3) Price per acre 
of Jin $(y,) 13.138 20.243 23.294 30,949 22.30 
(4) Price per acre 
of Vin $(y2) 2.572 2.533 2.931 12.613 4.288 
(5) Yi — Y2 ($) 10.566 17.710 20.363 18.336 18.012 
(6) yal + U) ($) 481.63 1,106.77 2,940.17 33,312.07 . 1,983.89 
(7) (Yi — Y2) ($) 495.02 2,147.34 7,122.16 17,056.88 2,556.62 
(8) Total value of land and 
improvements per farm 
(Row 6 + Row 7 in $) 976.65 3,254.11 10,062.33 50,368.95 4,540.51 
(9) Improvements as a share of 
total value of land and 
improvements 50.69 65.99 70.78 33.86 56.31 
(Row 7/Row 8, percent) i 
(10) Location as a share of total 
l value of land and improve- 
ments (100 — Row 9, percent) 49.31 34.01 29.22 66.14 43.69 


Source: Computed from data in the Parker-Gallman sample, using the values of y, and y3 estimated from the 
Southwide regressions run on equation (7) for each size class. Values of y; and y2 were, in all cases, significant at 
the 0.001 level. The entries in rows 1-4 of the all-farms column are weighted averages of the corresponding entries 
for columns 1~4, The weights in rows | and 2 are the proportion of farms. The weights in rows 3 and 4 are the 
proportion of improved and unimproved acres, respectively. 


located than small ones. The average loca- 
tional rent per acre on large plantations was 
more than four times that on smaller-sized 
farms, whether slave or free.'® Conse- 
quently, even though investment per im- 
proved acre on large plantations exceeded 


I8ft might be argued that better (more fertile) land 
was brought into production first. In that case Y; — yz 
would measure not only the average investment per 
improved acre but also the superior quality of the land 
on which the improvement had been made. Even if this 
were the case all of Y, — y belongs in the quality 
adjustment, since whether this amount is due entirely 
to improvements or reflects some superior virgin quality, 
itis “more” land in an economic sense. We can test the 
hypothesis that more fertile land was improved first 
by making use of Martin Primack’s estimates of labor 
required to improve an acre (pp. 154-55, 233-43), 
and annual wage rates on southern farms (USDA 
1868, p. 416). These indicate that the average value of 
improvements per acre was $20.05. Since y) — y2 = 
$18.01, Primack’s data suggest that all of Yı — Y2 is 
investment. Probably ease of land clearing rather than 
natural fertility was the principal factor determining 
which land was improved first. 

+ 





It might also be argued that the land belonging to 
plantations with 51 or more slaves was more fertile 
than the land of smaller farms. If so, some part of y3 
for this class would represent not locational advantage 
but the superior fertility of land yet to be brought into 
production, and the subtraction of all of y, from y) 
would underestimate the quantity of quality-adjusted 
land plus improvements that must be included in the 
land input of this class. Alternative assumptions re- 
garding the distribution of y, between locational ad- 
vantage and superior fertility led to variations in the 
index of total factor productivity for this class of farms 
ranging from 147.7 to 132.8 (see Table 7, col. 3). Two 
aspects of this result should be stressed. First, even if 
we assumed that the locational advantage of farms 
with 51 or more slaves was no greater than that of 
farms with 16-50 slaves, none of the arguments in the 
balance of this paper would be altered. Second, the 
principal effect of variations in the distribution of Y2 is 
on the assessment of the comparative efficiency of in- 
termediate and large plantations, Assuming that plan- 
tations in the 5]-or-more class had greater locational 
advantage than those in the 16-50 class leads to the 
conclusion that they were more productive than those 
in the 16-50 class. If we assumed that locational ad- 
vantages were identical, then both classes would have 
roughly the same indexes of total factor productivity. 
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‘TABLE 7—-THE EFFECT OF CORRECTING FOR THE 
LOCATIONAL COMPONENT OF LAND VALUES ON 
THE RELATIVE VALUES OF THE INDEXES 
OF TOTAL FACTOR PRODUCTIVITY 
(Index of Free Southern Farms = 100) 


Index Before Index After 
Correction, Correction, 
Number of All States in All States in 
Slaves Parker-Gallman Parker-Gallman 
` per Farm Sample Sample 
0 100.0 100.0 
1-15 107.7 100.8 
16-50 144.7 133.1 
51 or more 133.5 147.7 


the cotton-South average, investment ac- 
counted for only 34 percent of land values,'® 

It follows that the previous failure to 
correct for locational rents biased the effi- 
ciency index for plantations with 51 or more 
slaves downward, while the indexes for 
plantations with 1-15 and 16-50 slaves were 
biased upward. Table 7 shows that after 
correction for locational rents, total factor 
productivity on slave farms increases con- 


For the North y is just $1.80 per acre. Thus the 
locational component per acre was lower in the North 
than in the South. The result is surprising only if con- 
sidered in a partial rather than a general equilibrium 
context. Between 1840 and 1860 over 15,000 miles of 
railroad track were built in the North, bringing mil- 

lions of acres close to a rail route. This massive in- 
crease in supramarginal land brought about by rail- 
road construction probably lowered rather than raised 
the average locational rent (see Fogel, 1964, p. 223, 
n, 10). According to Haskell (1975) our assumption 
that “an acre of northern farmland was an average of 
2.5 times better in quality than southern farmland”’ is 
“extraordinary” (p. 38). But an “average” acre of 
northern farmland was superior to an “average” 
southern acre in 1860, not primarily because of its 
natural qualities, as Haskell appears to believe, but be- 
cause more capital had been invested in its improve- 
ment. Over 54 percent of northern farmland had been 
improved by 1860 but for the South the corresponding 
figure is only 30 percent. Consequently, even if land 
in both regions had been of equal quality in the natural 
state and if expenditures per improved. acre had been 
the same in both regions, the average northern acre 
would have been 1.8 times better than the average 
southern acre. But northerners invested about 30 per- 
cent more on each of their improved acres than did 
southerners. Thus about 90 percent of the “superior” 
quality of northern land represented investment. 
(Computed from data in Primack, pp. 154-55, 233-43; 
U.S. Bureau of the Census, 1895, pp. 84-100; Clarence 
Danhof, p. 77; and USDA, 1868, p. 416). 
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tinuously with farm size, but small slave 
farms have no productivity advantage over 
free farms. 


lil. The Length of the Work Year 


One of the most important results of the 
work over the past two years is the finding 


_ by Jacob Metzer and John Olson that slaves 


worked fewer hours per year than free farm- 
ers. This directly contradicts the hypothesis 
of our 1971 paper that the measurement of 
the labor input in man-years rather than 
man-hours was the principal reason that 
G, exceeded G,. The belief that slaves 


worked more days per year than free, men | 


is not only widely held but was recently 
reasserted by David and Temin (pp. 768- 
71) who attributed the phenomenon to the 
fact that there were more frost-free days 
in the South than in the North. They put 
the average length of the work year of 
northern farmers at 2,163 hours. Noting 
that there are between 220 and 240 frost- 


N 


free days in the South but only between 160 ' 


and 180 such days in the North, David and. 


Temin argued that it was reasonable to as- 
sume that slaves worked 10 percent more 
days per year than free northern farmers. 
Moreover, since the days during the winter 
were both longer and warmer in the South 
than in the North, they also reasoned that 


slaves probably averaged more hours per . 


day than northern farmers. . 
Systematic data bearing on the average 
number of days worked per year and per 
season during antebellum times are available 
only for the South. Such averages have been 
computed by Metzer and Olson from the 
daily work records that were kept by the 
owners or overseers of slave plantations.” 
Processing of most of these is still in prog- 
ress, and the computations employed in this 
paper are based on a subsample of 7 cotton 
plantations that are displayed in Table 8. 
This table shows that there was relatively 


The periods covered by these records range from a 
single season to several years. The detail contained is 
uneven, but it is possible to determine the daily work 
records of fieldhands and sometimes also that of ar-. 
tisans, servants, and others engaged in nonagricultural 
labor. It is also possible to determine holidays and 
days lost due to rain or illness. 


F ` 
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TABLE 8—Days WORKED PER SEASON FOR A SAMPLE .OF SOUTHERN COTTON PLANTATIONS 


Spring 

Prudhomme-Bermuda (LA) 71.6 
Flinn—Green River (MS) 70.3 
Monette-Hope and 

Pleasant Hill (LA) 73.9 
Le Blanc (LA) 75.7 
Pre Aux Cleres (LA) 73.5 
El Destino (FL) 72.6 
Average of six short-staple 

plantatiqns (equal weights) 72.9 
Kollock~Ossabow Island (GA) 77.6 
Average of seven plantations 

(equal weights) 73.6 


Source: Olson. 


w 


little variation in the number of days 
worked per season, although the number of 
‘work days during the spring planting and 
cultivating period was about 7 percent 
greater than during the peak harvest 
months of the fall. The average number of 
days worked per vear within the sample 
ranged from 271 to 293. The average num- 
ber of days worked per year in the sample 
of 6 short-staple plantations is 279. Adding 
the long-staple Kollock plantation raises 
the average to 281 days. 

Thus the number of days in the work year 
of slaves appears to have fallen short of the 
potential by about 23 percent. This result is 
explained primarily by the almost total ab- 
sence of Sunday work.”! Occasionally; a few 
hands were used on Sundays for special 
tasks. But such incidents were rare. This 
nearly total absence of Sunday work is a 
unique feature of the large slave planta- 
tions, and it bears on the special nature of 
the slave-labor system. 

Unfortunately, information on the length 
of the agricultural workday for the ante- 
bellum era is fragmentary, although a recur- 
rent theme is that the day extended from 
sunrise to sunset. The earliest systematic 
studies of regional and seasonal variation 
in the length of the workday carried out by 
the USDA pertain to the first third of the 


2IThe balance of the shortfall is explained by other 
holidays and half-days on Saturdays (6 days), by illness 
(11 days), and by rain and inclement weather (15 days). 


Summer Fall 


Winter Total 
72.1 65.6 61.9 271.2 
72.6 71.9 67.0 281.8 
74.5 67.1 65.6 281.1 
68.1 67.2 70.7 281.7 
69.5 68.6 68.2 279.8 
68.9 70.2 67.7 279.4 
71.0 68.4 66.8 279.1 
73.5 70.9 70.7 292.7 
71.3 68.8 67.4 281.1 


twentieth century. Olson points out that 
these studies yield seasonal estimates of the 
length of the workday that are quite similar 
to those obtained by subtracting standard 
time allowances for meals during antebel- 
lum times from the interval between sunrise 
and sunset in each region and season. Com- 
bining the’ information on the number of 
workdays presented in Table 8 with these 
seasonal estimates of the average length of 
the workday, Olson produced Table 9, 
which presents the number of hours in the 
slave work year for the sample of 7 cotton 
plantations. The total hours worked per 
year within the sample ranged from a low 
of 2,709 to a high of 2,912. The average for 
the entire sample is 2,798 hours.” Since the 
last figure is 29 percent greater than the 
2,163 hours that David and Temin hold was 
typical on northern farms, and 18 percent 


‘greater than their estimate of the length of 


the slave work year, this finding might seer 
to substantiate the proposition that the 
slave work year exceeded the free one. 

But such a conclusion is warranted only 
if one accepts the contention that the aver- 
age work year of antebellum farmers in the 
North was just 2,163 hours. David and 
Temin cite a USDA report by John Hop- 
kins on changing conditions of agricultural 


22Ralph Anderson, using a different sample of plan- 
tations and working independently of Olson, produced 
an estimate of the length of the slave work year that 
is quite similar to Olson’s. 


—_— 
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TABLE 9—HourS WORKED PER SEASON AND PER YEAR FOR A SAMPLE OF SLAVE COTTON PLANTATIONS 


Spring 

Prudhomme~Bermuda 759 771 
Flinn~Green River 745 777 
Monette-Hope and 

Pleasant Hill 783 797 
Le Blanc 802 729 
Pre Aux Cleres 779 744 
E] Destino 770 737 
Average of six short- 

staple farms TI3 760 
Kollock (long staple} ’ 

Ossabow Island 823 786 
Average of seven cotton 

farms 780 763 


Source: Olson. 


labor and technology between World War I 
and 1936 as the source for this figure. But 
Hopkins put the length of the northern 
work year during this period at between 
25800 and 3,370 hours (pp. 23, 27). Com- 
bining the samples reported by Hopkins 
with those of several other USDA studies, 
Olson computed the average length of the 
agricultural work year in the various sub- 
regions of the North. Although there was a 
fair.degree of variation from sample to sam- 
ple, as well as by the principal subregions, 
the average of every sample exceeded the 
2,163 hours asserted by David and Temin 
by at least 31 percent. The lowest subre- 
gional average of 3,006 hours was found in 
the corn and general farming belt; the high- 
est was 3,365 hours in the western dairy 
region. The average for the overall sample 
of 1,605 northern farms was 3,130 hours. 
Comparison of these figures with Table 9 
reveals that slaves worked approximately 
10 percent fewer hours than northern farm- 
rs.” The contention that the number of 


23This conclusion, of course, rests on the assumption 
that the northern work year was not shorter in antebel- 
lum times than during the first third of the twentieth 
century. The assumption is consistent with available 
fragmentary data. See Olson and the sources cited 
there. The discussion of the length of the northern 
work year involves two issues. First, since David and 
Temin turned to USDA data on hours worked by 
farmers during the first third of the twentieth century, 


Summer 


Average 
per 
Fall Winter Season Total 
702 477 677 2,709 
769 516 702 2,807 
718 505 701 2,803 
719 544 698 2,794 
734 525 696 2,782 
751 521 695 2,779 
732 514 695 2,779 
759 544 728 2,912 
736 519 700 2,798 


frost-free days (or the length of the growing, , 
season) was the principal factor determining 
the length of the work year is, thus, incor- 
rect. While the number of frost-free days 
determines which plants can be raised in a 
particular region, there is little relationship 
between the length of the growing season 


N 


there is the question of the average length of the work 
year indicated by this body of evidence. The second 
issue is whether or not an average derived from data’ 
for the early twentieth century may be applied to the 
antebellum period, given the changes that occurred in 
income and in the technology of feeding, milking, 
planting, and harvesting. Gallman has pointed to fac- 
tors which suggest that hours worked in northern 
agriculture may have been longer in the early twentieth 
century than in the mid-nineteenth. These are dis- 
cussed in some detail by Olson. Clearly, a continued 
search for evidence in antebellum sources bearing on 
this question is called for. But even if we granted the 
contention that the slave work year was 10 percent 


‘longer than the northern work year G,/G,, would fall 


from 134.7 to 127.5. Combining this adjustment with 
the previous ones for high cotton prices, fortunate 
yields, and land depletion, reduces G,/G, to 117.9. So 
even if these conjectured corrections of southern in- 
puts and outputs advanced by the critics were all cor- 
rect, the efficiency of southern agriculture would still 
exceed that of northern agriculture by 18 percent. 
There is, of course, also the adjustment to the input 
of northern labor proposed by David and Temin. But 
as we pointed out in fn. 7, the direction of this adjust- 
ment is opposite to that conjectured. by the critics. If- 
we made it, G,/G, would rise from 117.9 to 144.8, 
thus wiping out the effect of the proposed adjustments | 
to southern inputs and outputs. 
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and the duration of the period from seed- 
time to harvest for particular crops. The 
growing season in South Dakota, for exam- 
ple, is about 150 days but the period from 
seedtime to harvest is 310 days for winter 
wheat and only 115 days for spring wheat 
(see James Covert pp. 35, 36, 43, 44). 

The length of the work year was deter- 
mined not only by the duration of the 
planting, cultivating, and harvest seasons 
ofa particular mix of crops but also by the 
mix between field crops and animal prod- 
ucts (including dairy products). Olson 
stresses that the length of the northern work 
year was positively correlated with the de- 
gree of specialization in livestock and dairy- 
ing. The implications of the labor-intensive 
methods of rearing livestock (which was al- 
ready characteristic of the North by 1860)” 
and of dairying are revealed by a USDA 
study showing that the average duration of 
the workday increased by over an hour on 
both weekdays and Sundays in counties 
that switched from general farming to 
dairying (see Olson; Hopkins, pp. 26-27). 
The principal reason for the longer work 
year in the North than on slave plantations 
is that the North specialized in dairy and 
livestock while slave plantations did not. 
` Olson estimates that about 38 percent of the 
product of northern farms in 1860, as mea- 
sured by value-added, originated in live- 
stock and dairying. The corresponding fig- 
ure for the cotton South is just 9 percent; 
for large plantations it is hardly 5 percent. 

The finding that the slave work year was 
shorter than the free work year does not 
contradict the proposition that slave labor 
was more intensely exploited than free 
labor, but only the proposition that such 
exploitation took the form of more hours 
per year. What had been insufficiently em- 
phasized is the possibility that slaves 


24The relationship between the growing period, the 
growing season, and the period between seedtime and 
harvest are clarified by Covert, p. 14. 

25See Fogel (1965%, p. 216. Corn consumption per 
equivalent hog more than doubled in the North be- 
tween 1840 and 1860 but remained relatively constant 
` in the South. See Percy Wells Bidwell and John Fal- 
coner (pp. 393, 437}, Gray (pp. 842-45), and Gates 
(pp. 199, 218). 
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worked more intensively per hour than did 
free men. 


IV. The Problem of Differences in Product Mix 


There is still the problem of the regional 
differences in the mix of products. Because 
the output mixes of northern and southern 
agriculture differed, the attempt to com- 
pare G, and G, poses an index number prob- 
lem. This is an issue which, of course, 
plagues all productivity comparisons, 
whether over space or time. David and 
Temin argue that in our case the problem is 
insuperable because cotton could be grown 
only in the South, not in the North. For- 
tunately, the problem is not quite so intrac- 
table. 

The influence of product mix can be 
tackled by taking advantage of the fact that 
there was a class of free farms that could, 
and did, produce cotton. While it is true 
that free southern farms were slightly more 
efficient than northern farms, this edge ex- 
plained only 4 percent of the ratio 
(G, — G,)/G,. Thus nearly all of the south- 
ern productivity advantage is explained by 
the extent to which the productivity of 
medium and large slave plantations ex- 
ceeded the efficiency of small free farms, 
whether these small farms were located in 
the North (where they could not produce 
cotton) or in the South (where they did pro- 
duce cotton). 

To put the issue somewhat differently, 
while both the large slave and small free 
farms of the South produced cotton, the 
large slave plantations were 48 percent 
more efficient than small free farms (see Ta- 
ble 7). Of course, the cotton share of output 
on these small farms (29 percent) was less 
than that of large slave plantations (61 per- 
cent), But since there was no climatic obsta- 
cle that prevented the free southern farms 
of the cotton belt from choosing exactly the 
same mix of products that was selected by 
large slave plantations, it may be assumed 
that they chose the product mix that was 
most efficient for them. Presumably a prod- 
uct mix with a larger cotton share would . 
have decreased, or at least not increased, 
their efficiency. In other words, it appears 
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that it was the manner in which cotton was 
produced, rather than the mere capacity to 
produce cotton, that is the principal factor 
accounting for the superior efficiency of 
large plantations. This interpretation is sup- 
ported by the finding that small slave plan- 
tations, those with 1-15 slaves, were not 
more efficient than free southern farms (see 
Table 7) even though their cotton share (39 
percent) was a third greater than that of free 
farms. 

The last point needs elaboration, since 
Gavin Wright (1974, 1975) has argued that 
free farmers in the cotton belt were just as 
efficient in the production of cotton as large 


plantations but that they chose to produce ` 


less cotton in order to reduce riskiness. The 
basic propositions of his argument are that 
both small free and large slave farms were 
equally efficient in the production of cot- 
ton, that both were equally efficient in pro- 
ducing other commodities, and that the 
difference in mix between cotton and other 
commodities alone explains the differences 
in the indexes of total factor productivity by 
farm size. If Wright’s conjectures are cor- 
rect, the overall efficiency index of farms of 
each size class would be given by geometric 


averages of the indexes for cotton and other . 


commodities, with the weights on each 
invariant commodity index being the share 
of that commodity in total output—the 
shares varying with size classes (see Evsey 
Domar). 

If we let A, equal the efficiency index for 
cotton and A, equal the efficiency index for 
all other commodities, the relationship of 
the overall efficiency index in each size class 
to A. and Ap is given by the following four 
equations: 

(6a) A”? A407! = 1.00 


(6b) 49,495! = 1.0] 
(6c) AS34047 = 1.33 (16-50 slaves) 


(6d) A%5! 4839 = 1.48 (51+ slaves) 


Since there are only two unknowns, only 
two equations are needed for a solution. If 
A, and A were invariant with size class, or 
approximately so, the ratio between A, and 
A, should be approximately the same, re- 


(0 slaves) 
(1-15 slaves) 
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gardless of which two equations are used to 
solve for 4, and 4,. However, as the follow- 
ing classification shows, this is not the case. 
The ratio A. /Ao varies from 1.1 to7.1. ` 


Equations used to solve 


for A. and Ag Ratio of A, to Ag 
(6a) and (6b) i] 
(6a) and (6c) e 3.3 
(6a) and (6d) 3.4 
(6c) and (6d) 3.8 
(6b) and (6d) 5.7 
(6b) and (6c) 7.1 


In other words, it was not the mere differ- 
ence in product mix but the manner in 
which cotton was produced that made large, 
slave plantations more efficient than either 
small free farms or smail slave farms. The 
threshold size for the efficiency of the gang 
system appears to be above 15 slaves.” 

There is another aspect to Wrights argu- 
ment. That is the contention that small free - 
farms chose the observed mix in order to 
reduce riskiness—to reduce the variance of 
their income, In order to explore the impli- 
cations of this suggestion, let us for the 
moment accept Wrights assumption’ that 
both large slave and small free farms were 
equally efficient in producing cotton. In that 
case, as we have seen, the income yield per 
average unit of input was more than‘three 
times as large ih the production of cotton 
as in other products on farms of both 
sizes.” Consequently, by increasing the cot- 
ton share of their output from 29 to 61 per- 
cent (the share on large slave plantations), 
small farmers could have increased their 
mean income by 48 percent. 

Wright’s conjecture implies, therefore, 

26This is not to say that the level of the overall : 
efficiency index of each size class was independent of 
the share of cotton in total output. Quite the contrary, 
farms that were more efficient in cotton production 
should have been more heavily specialized in that crop. 
In other words, the optimum share of cotton<in total 
output was a function not only of relative prices but 
of a farm’s comparative advantage in that crop. More- 
over, the mix of crops was a major determinant of the 
degree to which the labor force was utilized (see Sec- 
tion V, below). 


271This result is obtained by solving equations (6a) 4 
and (6d) for A, and Ag. 
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that farmers were willing to forgo close to 
half of their mean income in order to gain 
some unspecified reduction in the variance 
of that income. Not only is this an extraor- 
dinary price to pay for insurance, but there 
is no evidence to show that within the rele- 
vant range (cotton shares between 29 and 
61 percent of gross farm product) the rela- 
tive variance of income was positively 
correlated with the share of income origi- 
nating in cotton. The absence of a positive 
correlation between cotton shares and the 
relative variance is indicated by the facts 
that yields in cotton were no more variable 
than those of other farm products and that 
the price of corn, which Wright argues was 
the principal substitute for cotton, was 
actually more variable than the price of cot- 
ton.” Nor do the benefits of a more mixed 
“portfolio” seem to have been potent 
enough to have provided less variation in 
price than that associated with cotton. Over 
the years 1831-60, Thomas Senior Berry’s 
index (p. 564) of the average price of 20 or 
more ‘agricultural products “identified” 
with the North (1.e., excluding cotton, 
sugar, and rice) has a coefficient of variation 
(0.23) that 1s quite similar to that for cotton 
alone (0.25).” 

Wright has also argued that the objective 
of small farms may have been not the mini- 
mization of the variance of their income but 
“safety first.” The exact meaning of safety 
first is never clearly defined, but Wright ap- 
pears to equate it with the guaranteeing of 


*8The relative variance of incomes on free and slave 
farms tn 1860 was computed from the Parker-Gailman 
sample by weighting outputs on farms of all sizes by 
uniform national prices. The coefficient of variation 
was between 30 and 40 percent larger on free farms 
(with an average cottar. share of 29 percent) than on 
slave farms (with average cotton shares ranging be- 
tween 39 and 61 percent). Over the years from 1867 to 
1900 the coefficient of variation in corn yields fell below 
that of cotton yields by just 0.02 (USDA, 1954, 1955). 
The relative variance of the price of corn in New 
Orleans over the years 1840-60 was 25 percent greater 
than the relative variance of cotton prices over the 
same period (computed from Cole). 

29For the period 1831-46 there are 20 commodities 
in Berry’s index for northern agriculture. For the pe- 
riod 1846-60, the number of commodities is 29. Cotton 
prices are from U.S. Bureau of the Census, 1960, 
p. 124, 
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the food supply. Thus before turning to the 
market with all its risks to obtain products 
that they did not produce, free farmers first 
sought to insure that they would not starve. 
However, as we showed in our analysis of 
the slave diet (1974b), free southern farmers 
could have guaranteed a nutritious diet, not 
only high in protein but exceeding all other 
nutrient requirements, out of their own pro- 
duction for less than six cents per capita per 
day. Thus it took less than one-third of the 
average annual product of a free farm to 
insure an adequate diet for all those living 
on such farms. If the free farms of the cot- 
ton belt were as efficient in cotton produc- 
tion as were the large plantations, they 
could have had both an insured food supply 
and a 48 percent increase in their mean in- 
come by raising the cotton share of their 
output from 29 to 61 percent.” 


V. Sources of Efficiency on Large Plantations 


The finding that large slave plantations 
were 48 percent more productive than the 
small free farms of the South poses a new 
problem: What feature, or features, of the 
organization and operation of large slave 
plantations gave them such a marked ad- 
vantage? Examination of the managerial 
records of these plantations suggests that 
part of the answer lies in the persistence 
with which planters sought to exploit com- 
plementarities and interdependencies made 
possible by concentration in the production 
of one or the other of the four principal 
slave crops: cotton, sugar, rice, and tobacco. 


3°To farmers in debt, safety-first could well have 
meant guaranteeing a high enough cash income to 
meet mortgage and other debt calls. The point at issue 
is not whether the food supply mattered to antebellum 
farmers but whether they perceived it as the most bind- 
ing constraint in the determination of their economic 
decisions. Illiquidity could well have appeared as a 
more serious menace than an inadequate food supply. 
Wright does not explore this issue, although it is 
widely suggested in the traditional literature on nine- 
teen-century agriculture. Moreover, if A, exceeded Ay 
by 3.4 times, and if farmers sought to insure some 
minimum absolute level of income, then given the rela- 
tive variances of income from cotton and corn, the 
much higher mean income associated with specializa- 
tion in cotton indicates that the choice of the higher 
cotton share would have reduced rather than increased 
the likelihood of falling below that minimum. 
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The central focus of planters was the or- 
ganization of the labor force into highly 
coordinated and precisely functioning gangs 
characterized by intensity of effort. “A 
plantation might be considered as a piece of 
machinery,” said Bennet H. Barrow (Ed- 
win Adams Davis, p. 409) in his Highland 
Plantation rules. “To operate successfully, 
all its parts should be uniform and exact, 
and its impelling force regular and steady.” 
“Driving,” the establishment of a rigid gang 
discipline, was considered the crux of a suc- 
cessful operation. Observers, such as Robert 
Russell, said that the discipline of planta- 
tion life was “almost as strict as that of our 
military system” (p. 180). Frederick Law 
Olmsted described one instance in which he 
observed two very large hoe gangs “moving 
across the field in parallel lines, with a con- 
siderable degree of precision.” He reported 
that he repeatedly rode through their lines 
at a canter with other horsemen, “often 
coming upon them suddenly, without pro- 
ducing the smallest change or interruption 
in the dogged action of the labourers” 
(p. 452). 

Each work gang was based on an internal 
division of labor that not only assigned 
every member of the gang to a precise task 
but simultaneously made his or her perfor- 
mance dependent on the actions of the 
others. On the McDuffie plantation, the 
planting gang was divided into three classes 
which were described in the following way 
(as quoted by Metzer): 


Ist, the best hands, embracing those of 
good judgment and quick motion. 2nd, 
those of the weakest and most ineffi- 
cient class. 3rd, the second class of hoe 
hands. Thus classified, the first class 
will run ahead and open a small hole 
about seven to ten inches apart, into 
which the second class drop from four 
to five cotton seed, and the third class 
follow and cover with a rake. [ p. 135] 


Interdependence and tension were also 
promoted between gangs, especially during 
the period of cultivation when the field 
labor force was divided into plow gangs and 
hoe gangs. The hoe hands chopped out the 
weeds that surrounded the cotton plants as 
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well as excessive sprouts. The plow gangs 
followed behind, stirring the soil near the 
rows of cotton plants and tossing it back 
around the plants. Thus the hoe and plow 
gangs each put the other under an assembly- 
line type of pressure. The hoeing had to be 
completed in time to permit the plow hands 
to carry out their tasks. At the same time’ 
the progress of the hoeing, which entailed 
lighter labor than plowing, set a pace for 
the plow gang. The drivers or overseers 
moved back and forth between the two 
gangs, exhorting and prodding each to keep 
up with the pace of the other, as well as 
inspecting the quality of the work. In opera- 
tions such as cotton picking, which did not 
lend themselves as naturally to interdepen- 
dence as planting and cultivating, planters 
sought to promote intensity of effort by di- 
viding hands into competing gangs and of- 
fering bonuses on a daily and weekly basis 
to the gang that picked the most. They also 
made extensive use of the so-called “task” 
methods. These were, literally, time-motion 
studies on the basis of which a daily quota 
for each hand was established. 

In addition to the use of assembly-line 
methods and time-motion studies to insure 
maximum intensity of effort in a particular 
operation, planters sought to allocate their 
slaves among jobs in such a manner as to 
achieve “full capacity” utilization of each 
person. In this connection slaves were given 
“hand” ratings—generally ranging from 
one-eighth to a full hand—according to 
their age, sex, and physical ability. The 
strongest hands were put into field work, 
with the ablest of these given tasks that 
would set the pace for the others. Plow 
gangs were composed primarily of men in 
their twenties or early thirties. Less sturdy 
men and boys, as well as prime-aged 
women, were in the hoe gangs. Older 
women were occupied in such domestic 
duties as house servants and nurses; older 
men worked as gardeners, servants, and 
stock-minders. Metzer’s analysis (p. 134) 
of the records of the Kollock plantations 
indicates that the “hand”-to-slave ratio was 
0.9 in field work but only 0.6 in nonfield 
work. Metzer points out that in allocating 
slaves among jobs, planters pursued the 


. for nonnursing mothers. 
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TABLE [0--COTTON-PICKING RATES OF PREGNANT WOMEN 
AND NuRSING MOTHERS AS A PERCENTAGE OR THE COTTON-PICKING RATES 
OF WOMEN THE SAME AGE WHO WERE NEITHER PREGNANT NOR NURSING 


: Weeks Before (—) or After (+) 
Childbirth 


-12to —9 
~8 to —5 
—4 to —1 
+2 to +3 
+4to +7 
+8 to +11 


principal of comparative, rather than abso- 
lute, advantage. Thus during the harvest 
period, most of the labor of picking cotton 
was provided by women, even though 
women had lower daily cotton-picking rates 
than men. On the Pleasant Hill plantation, 
for example, women provided 31 percent 
more labor time in cotton picking than did 
men. 

Data on the cotton-picking rates of preg- 
nant women and nursing mothers provide 
still another illustration of the degree to 
which planters succeeded in utilizing all 
those in the labor force. Estimates derived 
from Metzer’s regression of the daily cot- 
ton-picking rates of women by-age, and by 
weeks before and after childbirth, are sum- 
marized in ‘Table 10. This table shows that 
down to the last week before birth, preg- 
nant women picked three-quarters or more 
of the amount that was normal for women 
of corresponding ages who were neither 


. pregnant nor nursing. Only during the 


month following. childbirth was there a 
sharp reduction in the amount of cotton 
picked. Some mothers started to. return to 
field work during the second or third week 
after birth. By the second month after birth, 
picking rates reached two-thirds of the level 
By the third 
month, the level rose to over 90 percent. 
Another way in which planters sought to 
achieve full capacity utilization of labor was 
in the selection of the product mix. Labor 
requirements in cotton production had a 
very marked seasonal pattern, with one 
peak reached in the late spring and a second 
in October. Consequently, secondary crops 


Age 

20 25 30 35 
82.3 $3.3 84.1 84.8 
77.4 78.8 79.8 80.6 
74.8 76.3 774 78.3 

39 9.8 14.1 17.4 
64.9 67.1 68.6 69.8 
91.3 91.8 92.2 92:5 


were chosen so that their peak labor re- 
quirements were complementary to those of 
cotton (see Metzer, Figure 1). Corn was an 
excellent match. It could be planted before 
cotton and could be harvested either early 


or late, depending on other pressures, be- 


cause the kernels, protected in the ears, did 
not suffer if harvesting was delayed beyond 
maturation. 


VI. Some Issues of Interpretation 


It should not be assumed that slave labor 
was more efficient than free labor in all oc- 
cupations. There is no evidence that the 
productivity of slave labor exceeded that of 
free labor in urban industries. As Claudia 
Goldin (pp. 104-05) points out, the much 
higher elasticity of demand for slave labor 
in the cities than in rural areas (the ratio is 
more than 10 to 1) indicates that whatever 
advantage there was in slave labor was spe- 
cific to agriculture. 

Preliminary analysis also suggests that 
within U.S. agriculture, the slave system of 
labor raised productivity only for slave 
farms that specialized in one of four prin- 
cipal products: sugar, cotton, rice, and to- 
bacco. Economies of scale seem to have 
been greatest in sugar, since nearly 100 per- 
cent of all cane sugar in the United States 
was produced on large slave plantations. 
The slave system seems to have been less 
productive in tobacco than in cotton. The 
scale factor in the Old South (where tobacco 
was a relatively important crop), while sta- 
tistically significant, was only a third as 
large as the scale factor for the New South. 
Although the issue is now under investiga- 
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tion, there appears to have been no produc- 
tivity advantage to slave labor in general 
farming and relatively few large slave plan- 
tations engaged in general farming. 

The available evidence indicates that 
greater intensity of labor per hour, not 
more hours of labor per day nor more days 
of labor per year, is the reason why the in- 
dex of total factor productivity is 48 percent 
higher for slave plantations than for free 
farms. There is no evidence that land was 
used more intensively in the South than in 
the North, but even if it was, the depletion 
rate of southern land yields was so low (0.6 
percent per annum) that this can, at most, 
account for 5 percent of the value of 
(Gs — G,)/G,. The interim estimates thus 
indicate that slaves employed on medium 
and large plantations worked about 72 per- 
cent more intensively per hour than free 
farmers. In other words, on average, a slave 
on these plantations produced as much out- 
putin roughly 35 minutes as a free farmer 
did in a full hour. 

Once it is recognized that the fundamen- 
tal form of the exploitation of slave labor 
was through speed-up (increased intensity 
per hour) rather than through an increase in 
the number of clock-time hours per year, 
certain paradoxes resolve themselves. The 
longer rest breaks during the work day, and 
the greater time off on Sundays, for slaves 
than for free men appear not as boons that 
slave-owners granted to their chattel but as 
conditions for achieving the desired level of 
intensity. The finding that slaves earned 15 
percent more income per clock-time hour is 
less surprising when it is realized that their 
pay per equal-efficiency hour was 33 percent 
less than that of free farmers. ; 

David and Temin argue (pp. 778-83) that 
while the index of total factor productivity 
may be acceptable in comparing the relative 
efficiency of free countries it cannot be ap- 
plied to a comparison of the free North and 
the slave South—-that in this instance a 
morally weighted index of efficiency is re- 
quired. However, the issue of the relative 
efficiency of slave labor did not originate 
with Time on the Cross. It is an issue with a 
long history that traces back to such com- 
mentators on slavery as Adam Smith, 
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Alexis de Tocqueville, Cassius Marcellus 
Clay, Hinton Rowan Helper, Frederick 
Law Olmsted, and John Cairnes. Is the geo- 
metric index of total factor productivity 
appropriate to the resolution of the ques- 
tion of the efficiency of slave labor as that 
question actually evolved in historical 
literature? 

Much of chapters 5 and 6 of Time on the 
Cross was devoted to reviewing both the 
pre- and post-Civil War debates on the in- 
efficiency of slave agriculture and slave 
labor. From this review it is clear that what 
the critics of slavery meant was: other in- 
puts held constant, but substituting slave 
for free labor and slave managers for free 
managers, the output of slave farms would 
be much less than the output of free farms. 
About this “fact” Clay, Helper, Olmsted, 
and most other antislavery critics had no 
doubt. This confidence stemmed from the 
conviction that slavery “degraded” labor, 
that slavery turned plantation owners into 
“idlers,” that “comparing man with man,” 
slave laborers were less than half as produc- _ 
tive as whites, that Africans were “‘far less 
adapted for steady, uninterrupted labor 
than we are,” and that “white laborers of 
equal intelligence and under equal stimulus 
will cut twice as much wood, split twice as 
many rails, and hoe a third more corn a day 
than Negroes.” (See Clay, p. 204 and Olm- 
sted, pp. 91, 467-68.) 

Nor does the geometric index of total fac- 
tor productivity do violence to the issue of 
efficiency as it was perceived and discussed 
by the principal scholars who preceded us. 
Certainly neither Ulrich Bonnell Phillips, 
nor Gray, nor Ralph Betts Flanders, nor 
Robert R. Russel, nor Kenneth M. Stampp 
were talking about a morally weighted mea- 
sure of productivity, but of the comparative 
efficiency of slave and free labor, im just the 
manner that the issue was raised by the 
antebellum critics of slavery. 

To the extent that the argument for moral 
weighting is really an objection to using 
observed prices for aggregating southern 
output, one needs to assess the effect of 
slavery on the observed prices. On all agri- 
cultural commodities except slave-produced 
staples, the South was a price taker. Since 
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the South contributed abeut three-quarters 
of the world’s supply of cotton, its behavior 
did affect the world price of cotton. In the 
absence of slavery, however, the supply of 
cotton would presumably have shifted to 
the left. This implies that the observed price 
of cotton was lower, not higher, than it 
would have been if slaves had been free to 
“make their own choices about the provision 
of their labor. Consequently, the use of 
observed prices to aggregate output yields a 
lower value of G,/G, than would be ob- 
tained by aggregation based on the counter- 
factual price of cotton. 

Of course, the fact that blacks who toiled 
on large plantations were more efficient 
than free workers does not imply that 
blacks were inherently superior to whites as 
workers. It was the system that forced men 
to work at the pace of an assembly line 
(called the gang) that made slave laborers 
more efficient than free laborers. Moreover, 
the gang system, as already noted, appears 
to have raised productivity only on farms 
that specialized in certain crops.*! It should, 
of course, be emphasized that greater effi- 
ciency does not mean greater good. As we 
attempted to demonstrate in Time on the 
Cross, freedom has value and the loss of 
freedom by slaves was greater than the gain 
in measured output to free persons. 


3It is important to distinguish between the tech- 
nological characteristics of the production process and 
the manner in which the labor employed in that pro- 
cess was obtained. While it was force, not volunteer- 
ism, that ultimately permitted gang labor to exist, it 
does not follow that force alone would have led to high 
levels of productivity, if that potential was not inherent 
in the production process. If force alone created high 
levels of productivity, small piantations with i-15 
slaves should have been more efficient than free farms, 
even though they did not utilize the gang system. 
Similarly, the argument that some mix of coercion and 
volunteerism may have been necessary in the initial 
creation of a factory labor force does not rule out 
economies of scale or other technological efficiencies 
as features of the factory system. 
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Monopolistic Competition and Optimum 
Product Diversity 


By AVINASH K. DIXIT AND JOSEPH E. STIGLITZ* 


The basic issue concerning production in 
welfare economics is whether a market solu- 
tion will yield the socially optimum kinds 
and quantities of commodities. It is well 
known that problems can arise for three 
broad reasons: distributive justice; external 
effects; and scale economies. This paper is 
concerned with the last of these. 

The basic principle is easily stated.' A 
commodity should be produced if the costs 
can be covered by the sum of revenues and 
a properly defined measure of consumer’s 
surplus. The optimum amount is then 
found by equating the demand price and the 
marginal cost. Such an optimum can be 
realized in a market if perfectly discrim- 
inatory pricing is possible. Otherwise we 
face conflicting problems. A competitive 
market fulfilling the marginal condition 
would be unsustainable because total profits 
would be negative. An element of monopoly 


would allow positive profits, but would 


violate the marginal condition.? Thus we 
expect a market solution to be suboptimal. 
However, a much more precise structure 
must be put on the problem if we are to 
understand the nature of the bias involved. 
It is useful to think of the question as one 
of quantity versus diversity. With scale 
economies, resources can be saved by pro- 
ducing fewer goods and larger quantities of 
each. However, this leaves less variety, 
which entails some welfare loss. It is easy 
and probably not too unrealistic to model 
scale economies by supposing that each 


*Professors of economics, University of Warwick 
and Stanford University, respectively. Stiglitz’s re- 
search was supported in part by NSF Grant SOC74- 
22182 at the Institute for Mathematical Studies in the 
Social Sciences, Stanford. We are indebted to Michael 
Spence, to a referee, and the managing editor for com- 
ments and suggestions on earlier drafts. 

‘See also the exposition by Michael Spence. 

A simple exposition is given by Peter Diamond and 
Daniel McFadden. 
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potential commodity involves some fixed 
set-up cost and has a constant marginal 
cost. Modeling the desirability of variety 
has been thought to be difficult, and several 
indirect approaches have been adopted. 
The Hotelling spatial model, Lancaster’s 
product characteristics approach, and the 
mean-variance portfolio selection model 
have all been put to use.’ These lead to re- 
sults involving transport costs or correla- 
tions among commodities or securities, and 
are hard to interpret in general terms. We 
therefore take a direct route, noting that the 
convexity of indifference surfaces of a con- 
ventional utility function defined over the 
quantities of all potential commodities al- 
ready embodies the desirability of variety. 
Thus, a consumer who is indifferent be- 
tween the quantities (1,0) and (0,1) of two 
commodities prefers the mix (1/2,1/2) to 
either extreme. The advantage of this view 
is that the results involve the familiar own- 
and cross-elasticities of demand functions, 
and are therefore easier to comprehend. 
There is one case of particular interest on 
which we concentrate. This is where poten- 
tial commodities in a group or sector or in- 
dustry are good substitutes among them- 
selves, but poor substitutes for the other 
commodities in the economy, Then we are 
led to examining the market solution in re- 
lation to an optimum, both as regards 
biases within the group, and between the 
group and the rest of the economy. We ex- 
pect the answer to depend on the intra- and 
intersector elasticities of substitution. To 
demonstrate the point as simply as possible, 
we shall aggregate the rest of the economy 
into one good labeled 0, chosen as the 
numeraire. The economy’s endowment of it 
is normalized at unity; it can be thought of 
as the time at the disposal of the consumers. 


3See the articles by Harold Hotelling, Nicholas 
Stern, Kelvin Lancaster, and Stiglitz. 
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The potential range of felated products is 
labeled 1,2,3,.... Writing the amounts of 
the various commodities as x) and x = (x, 
X5, X3 ..., we assume a separable utility 
function with convex indifference surfaces: 


(1) u = U(X, V(x), X2, X3.-.)) 


In Sections I and II we simplify further 
by assuming that V is a symmetric function, 
and that all commodities in the group have 
equal fixed and marginal costs. Then the 
actual labels given tc commodities are im- 
material, even though the total number x 
being produced is relevant. We can thus 
label these commodities 1,2, ... , n, where 
the potential products (an + 1), (a + 2), ... 
are not being produced. This is a restrictive 
assumption, for in such problems we often 
have a natural asymmetry owing to grad- 
uated physical differences in commodities, 
with a pair close together being better 
mutual substitutes than a pair farther apart. 
However, even the symmetric case yields 
some interesting results. In Section III, we 
consider some aspects of asymmetry. 

We also assume that all commodities 
have unit income elasticities. This differs 
from a similar recent formulation by 
Michael Spence, who assumes U linear in 
Xo, so that the industry is amenable to 
partial equilibrium analysis. Our approach 
allows a better treatment of the intersectoral 
substitution, but the other results are very 
similar to those of Spence. 

We consider two special cases of (1). In 
Section I, V is given a CES form, but U is 
allowed to be arbitrary. In Section II, U is 
taken to be Cobb-Douglas, but V has a 
more general additive form. Thus the for- 
mer allows more general intersector rela- 
tions, and the latter more general intra- 
sector substitution, highlighting different 
results. 

Income distribution problems are ne- 
glected. Thus U can be regarded as repre- 
senting Samuelsonian social indifference 
curves, or (assuming the appropriate aggre- 
gation conditions to be fulfilled) as a mul- 
tiple of a representative consumer’s utility. 
Product diversity can then be interpreted 
either as different consumers using different 


JUNE 1977 


varieties, or as diversification on the part 
of each consumer. 


I. Constant-Elasticity Case 
A. Demand Functions 
The utility function in this section is 


(2) u = U [xo (Zrt) 
i 


For concavity, we need p < 1. Further, 
since we want to allow a situation where 
several of the x; are zero, we need p > 0. We 
also assume U homothetic in its arguments. 
The budget constraint is 
n 
(3) Xo + pix, = I 
i= | 
where p; are prices of the goods being pro- 
duced, and Z is income in terms of the 
numeraire, i.e., the endowment which has 
been set at 1 plus the profits of the firms 
distributed to the consumers, or minus the 
lump sum deductions to cover the losses, as 
the case may be. 
In this case, a two-stage budgeting pro- 
cedure is valid.* Thus we define dual quan- 
tity and price indices 


n i/ n \- 
(4) y -12 q -fp 
i=l i=] 


where 8 = (1 — p)/p, which is positive since 
0 <p <1. Then it can be shown? that in the 
first stage, 


B 


Xo = IU — s(q)) 


for a function s which depends on the form 
of U. Writing o(q) for the elasticity of sub- 
stitution between x, and y, we define @(q) as 
the elasticity of the function s, i.e., gs’(q)/ 
s(q). Then we find 


(6) (4) = {1 - o(9)} {1 — s(a} <1 


but #(q) can be negative as o(q) can ex- 
ceed 1. 


- sq) 
(5) y ; 


4See p. 21 of John Green. 

These details and several others are omitted to save 
space, but can be found in the working paper by the 
authors, cited in the references. 
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Turning to the second stage of the prob- | 


lem, it is easy to show that for each i, 


q 1/0 —p) 
(7) i: Z| 
l Pi 


where y is defined by (4). Consider the effect 
of a change in p; alone. This affects x, di- 
rectly, and also through q; thence through y 
as well. Now from (4) we have the elasticity 


1/8 
(8) Glogq _ (5 
dlogp; \Pi 


So long as the prices of the products in the 
group are not of different orders of mag- 
nitude, this is of the order (1/n). We shall 
assume that n is reasonably large, and ac- 
cordingly neglect the effect of each p; on q; 
thus the indirect effects on x;. This leaves us 
with the elasticity 

(9) ð log x; _ Io (1 + 8) 


ðlogpı (l — p) 8 


In the Chamberlinian terminology, this is 
the elasticity of the dd curve, i.e., the curve 
relating the demand for each product type 
to its own price with all other prices held 
constant. 

In our large group case, we also see that 
for i æ j, the cross elasticity ô log x;/ô log p; 
is negligible. However, if all prices in the 
group move together, the individually small 
effects add to a significant amount. This 
corresponds to the Chamberlinian DD 
curve. Consider a symmetric. situation 
where x; = x and p; = p for all i from | 
ton. We have | 


(10) y = xn = xn'+8 
q = pn on pn~ -PVP 
and then from (5) and (7), 


_ Is) 
(11) x = “pn 


The elasticity of this 1s easy to calculate; we 
find 


dlogx _ 


(2) Fey -l - Ao) 


Then (6) shows that the DD curve slopes 
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downward. The conventional condition that 
the dd curve be more elastic is seen from (9) 
and (12) to be 


(13) a + (gq) > 0 
Finally, we observe that for? + j, 
P; 1/(1 —p) 

14 — |e 

al xj [2 


Thus 1/(1 — p) is the elasticity of substitu- 
tion between any two products within: the 


group. 
| B. Market Equilibrium 


It can be shown that each commodity is 
produced by one firm. Each firm attempts 
to maximize its profit, and entry occurs un- 
til the marginal firm can only just break 
even. Thus our market equilibrium is the 
familiar case of Chamberlinian monopolis- 
tic competition, where -the question of 
quantity versus diversity has often been 
raised. Previous analyses have failed to 
consider the desirability of variety in an ex- 
plicit form, and have neglected various 
intra- and intersector interactions in de- 
mand. As a result, much vague presumption . 
that such an equilibrium involves excessive’ 
diversity has built up at the back of the 
minds of many economists. Our analysis 
will challenge several of these ideas. | 

The profit-maximization condition for 
each firm acting on its own is the familiar 
equality of marginal revenue and marginal 
cost. Writing c for the common marginal 
cost, and noting that the elasticity of de-. 
mand for each firm is (1 + £)/8, we have 
for each active firm: 


B_\ 
nli - -Eg)- « 


Writing pe for the common equilibrium 
price for each variety being produced, we 





have 


(15) Pe = c(l + 8) = = 


®See Edwin Chamberlin, Nicholas Kaldor, and 
Robert Bishop. 
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The second condition for equilibrium is 
that firms enter until the next potential 
entrant would make a loss. If n is large 
enough so that I is a small increment, we 
can assume that the marginal firm is exactly 
breaking even, i.e., (Pa — c)x, = a, where x, 
is obtained from the demand function and a 
is the fixed cost. With symmetry, this im- 
plies zero profit for all intramarginal firms 
as well. Then J = 1, and using (11) and (15) 
we can write the condition so as to yield the 
number n, of active firms: 


s(pene*) a 
pen, Be 


Equilibrium is unique provided s(p,n~*)/ 
pen is a monotonic function of n. This re- 
lates to our earlier discussion about the two 
demand curves. From (11) we see that the 
behavior of s(pn~*)/pn as n increases tells 
us how the demand curve DD for each firm 
shifts as the number of firms increases. It is 
natural to assume that it shifts to the left, 
i.e., the function above decreases as n in- 
creases for each fixed p. The condition for 
this in elasticity form is easily seen to be 


(17) 1 + B0(qg) > 0 


This is exactly the same as (13), the condi- 
tion for the dd curve to be more elastic than 
the DD curve, and we shall assume that it 
holds. 

The condition can be violated if o(q) is 
sufficiently higher than one. In this case, an 
increase in n lowers q, and shifts demand 
towards the monopolistic sector to such an 
„extent that the demand curve for each firm 
shifts to the right. However, this is rather 
implausible. 

Conventional Chamberlinian analysis as- 
sumes a fixed demand curve for the group 
as a whole. This amounts to assuming that 
n- x is independent of n, i.e., that s(pn~*) is 
independent of n. This will be so if 8 = 0, or 
if o(q) = 1 for all g. The former is equiv- 
alent to’ assuming that p = 1, when all 
products in the group are perfect substi- 
tutes, 1.e., diversity is not valued at all. That 


(16) 


would be contrary to the intent of the whole ` 


analysis. Thus, implicitly, conventional 
analysis assumes o(q) = 1. This gives a con- 


“JUNE 1977 


stant budget share for the monopolistically 
competitive sector. Note that in our para- 
metric formulation, this implies a unit- 


elastic DD curve, (17) holds, and so equi- 


librium is unique. 

Finally, using (7), (11), and (16), we can 
calculate the equilibrium output for each 
active firm: 


18 == 

(18) Xe = a5 

We can also write an expression for the 
budget share of the group as a whole: 


(19) Se = 5(qe) 
where qe = penz’ 


These will be useful for subsequent com- 
parisons. 


~ 


C. Constrained Optimum 


The next task is to compare the equi- 
librium with a social optimum. With 
economies of scale, the first best or uncon- 
strained (really constrained only by tech- 
nology and resource availability) optimum 
requires pricing below average cost, and 
therefore lump sum transfers to firms to 
cover losses. The conceptual and practical 
difficulties of doing so are clearly formid- 
able. It would therefore appear that a more 
appropriate notion of optimality is a con- 
strained one, where each firm must have 
nonnegative profits. This may be achieved 
by regulation, or by excise or franchise 
taxes or subsidies. The important restriction 
is that lump sum subsidies are not available. 

We begin with such a constrained opti- 
mum. The aim is to choose n, p;, and x; so 
as to maximize utility, satisfying the de- 
mand functions and keeping the profit for 
each firm nonnegative. The problem is 
somewhat simplified by the result that all 
active firms should have the same output 
levels and prices, and should make exactly 
zero profit. We omit the proof. Then we can 
set / = 1, and use (5) to express utility as a 
function of q alone. This is of course a de- 
creasing function. Thus the problem of 
maximizing u becomes that of minimizing 
q, i.€., 
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min pn `ê 
n,p 
subject to 
s( pn~*) 
(20) eao g S 


To solve this, we calculate the logarithmic 
marginal rate of substitution along a level 
curve of the objective, the similar rate of 
transformation along the constraint, and 
equate the two. This yields the condition 





C 
sia poet | 
i+p0q) B 


The second-order condition can be shown 
to hold, and (21) simplifies to yield the price 
for each commodity produced in the con- 
strained optimum, p,, as 


(22) Pe = e(l + B) 


Comparing (15) and (22), we see that the 
two solutions have the same price. Since 
they face the same break-even constraint, 
they have the same number of firms as well, 
and the values for all other variables can be 
calculated from these two. Thus we have a 
rather surprising case where the monopo- 
listic competition equilibrium is identical 
with the optimum constrained by the lack 
of lump sum subsidies. Chamberlin once 
suggested that such an equilibrium was “a 
sort of ideal”; our analysis shows when and 
in what sense this can be true. 


D. Unconstrained Optimum 


These solutions can in turn be compared 
to the unconstrained or first best optimum. 
Considerations of convexity again establish 
that all active firms should produce the 
same output. Thus we are to choose n firms 
each producing output x in order to’ maxi- 
mize 


(23) u = U(1 — n(a + cx), xn'*9) 


where we have used the economy’s resource 
balance condition and (10). The first-order 
conditions are 


(24) —ncU, + n'*+8U, = 0 
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(25) —(a + cx)Uy + (1 + B)xn®U, = 0 


From the first stage of the budgeting prob- 
lem, we know that q = U,/U,. Using (24) 
and (10), we find the price charged by each 
active firm in the unconstrained optimum, 
Pu, equal to marginal cost 


(26) Pu = 


This, of course, is no surprise. Also from 
the first-order conditions, we have 


27 se 

(27) Male a 

Finally, with (26), each active firm covers its 
variable cost exactly. The lump sum trans- 
fers to firms then equal an, and therefore 
i= 1 — an,and 





s(pn-*) > 
x = (i = an) “pn 
The number of firms n, is then defined by 
s(cnzf) a/g 
a n, 1 —an, 


We can now compare these magnitudes 
with the corresponding ones in the equilib- 
rium or the constrained optimum. The most 
remarkable result is that the output of each 
active firm is the same in the two situations. 
The fact that in a Chamberlinian equilib- 
rium each firm operates to the left of the 
point of minimum average cost has been- 
conventionally described by saying that 
there is excess capacity. However, when 
variety is desirable, i.e., when the different 
products are not perfect substitutes, it is not 
in general optimum to push the output of 
each firm to the point where all economies 
of scale are exhausted.” We have shown in 
one case that is not an extreme one, that the 
first best optimum does not exploit econo- 
mies of scale beyond the extent achieved in 
the equilibrium. We can then easily con- 
ceive of cases where the equilibrium exploits 
economies of scale too far from the point of 
view of social optimality. Thus our results 
undermine the validity of the folklore of ex- 
cess capacity, from the point of view of the 


TSee David Starrett. 
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FIGURE | 


unconstrained optimum as well as the con- 
strained one. 

A direct comparison of the numbers of 
firms from (16) and (28) would be difficult, 
but an indirect argument turns out to be 
simple. It is clear that the unconstrained 
optimum has higher utility than the con- 
strained optimum. Also, the level of lump 
sum income in it is less than that in the lat- 
ter. It must therefore be the case that 


(29) Ju < We = We 


Further, the difference must be large 
enough that the budget constraint for Xp 
and the quantity index y in the uncon- 
strained case must lie outside that in the 
constrained case in the relevant region, as 
shown in Figure 1. Let C be the constrained 
optimum, Æ the unconstrained optimum, 
and let B be the point where the line joining 
the origin to C meeis the indifference curve 
in the unconstrained case. By homotheticity 
the indifference curve at B is parallel to that 
at'C, so each of the moves from C to B and 
from B to A increases the value.of y. Since 
the value of x is the same in the two optima, 
we must have 


(30) 


Thus the unconstrained optimum actually 
allows more variety than the constrained 
optimum and the equilibrium; this is 
, another point contradicting the folklore on 
excessive diversity. 


Nn, > Re = Me 
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Using (29) we can easily compare the 
budget shares. In the notation we have been 
using, we find S, 2 s, as #(q) 2 O, i.e., as 
a(q) 2 | providing these hold over the en- 
tire relevant range of q. 

It is not possible to have a general result 
concerning the relative magnitudes of Xp in 
the two situations; an inspection of Figure | 
shows this. However, we have a sufficient 
condition: 


Xo = (1 — an, (lL — s) < 1l-s,<l—-s, 
Xo if o(g) > 1 


In this case the equilibrium or the con- 
strained optimum use more of the nu- 
meraire resource than the unconstrained 
optimum. On the other hand, if o(qg) = 0 we 
have L-shaped isoquants, and in Figure 1, 
points A and B coincide giving the opposite 
conclusion. 

In this section we have seen that with a 
constant intrasector elasticity of substitu- 
tion, the market equilibrium coincides with 
the constrained optimum. We have also 
shown that the unconstrained optimum has 
a greater number of firms, each of the same 
size. Finally, the resource allocation be- 
tween the sectors is shown to depend on the 
intersector elasticity of substitution. This 
elasticity also governs conditions for 
uniqueness of equilibrium and the second- 
order conditions for an optimum. 

Henceforth we will achieve some analytic 
simplicity by making a particular assump- 
tion about intersector substitution. In re- 
turn, we will allow a more general form of 
intrasector substitution. 


H. Variable Elasticity Case 
The utility function is now 


(31) u = pS væ} 


with v increasing and concave, 0 < y < l 
This is somewhat like assuming a unit inter- 
sector elasticity of substitution. However, 
this is not rigorous since the group utility 
V(x) = >; v(~;) is not homothetic and there- 
fore two-stage budgeting is not applicable. 

It can be shown that the elasticity of the 
dd curve in the large group case is 





X 
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G2) — dlogx; ___v'(x,) ER We wish to choose n and x to maximize u, 
ð log p; xv” (x;) y subject to (34) and the break-even condition 


This differs from the case of Section I in 
being a function of x;. To highlight the sim- 
ildrities and the differences, we define @(x) 
by 


v' (x) 


xv” (x) 


ma 





1 + B(x) 
33 ———— = 
a B(x) 
Next, setting x; = x and p; = p fori = I, 


2,...,4, we can write the DD curve and the 
demand for the numeraire as _ 





GA x= 5 w(x), = Mtl = wÇ) 
where 
35 _ yp(x) 
ea H [ye(x) + Cl - y) 
_ xv'(x) 
p(x) = a) 


We assume that 0 < p(x) < 1, and therefore 
have 0 < w(x) < 1l. 

Now consider the Chamberlinian equilib- 
rium. The profit-maximization condition 
for each active firm yields the common 
equilibrium price p, in terms of the common 
equilibrium output x, as 


(36) Pe = c{l + B(x.)] 


Note the analogy with (15). Substituting 
(36) in the zero pure profit condition, we 
have x, defined by 


pea a cele 
a+cx, 1+ B(x) 
Finally, the number of firms can be calcu- 


lated using the DD curve and the break- 
even condition, as 


(37) 


(38) Pel ae 
a + cx, 


For uniqueness of equilibrium we once 
again use the conditions that the dd curve is 
more elastic than the DD curve, and that 
entry shifts the DD curve to the left. How- 
ever, these conditions are rather involved 
and opaque, so we omit them. 

Let us turn to the constrained optimum. 


px = a + cx. Substituting, we can express u 
as a function of x alone: 


a+ cx 
ye(x) + (l — y) 
The first-order condition defines x.: 


| pere 
GI) u= PU -= y) 


40 eRe Ek l = w(x.) xe p'(x.) 
a 1+ Bex) Y P(X<) 


Comparing this with (37) and using the 
second-order condition, it can be shown 
that provided p’(x) is one-signed for all x, 
(41) x, 2 x, according as p'(x) $ 

With zero pure profit in each case, the 
points (x,, pe) and (xa, Pe) lie on the same 
declining average cost curve, and therefore © 


(42) Pes 


Next we note that the dd curve is tangent to 
the average cost curve at (Xe, Pe) and the 
DD curve is steeper. Consider the case 
Xe > Xe. Now the point (x,, pe) must lie‘on a 
DD curve further to the right than (x,, Pe), 
and therefore must correspond to a smaller 
number of firms. The opposite happens. if 
Xe < Xe. Thus, 


(43) on. 


Finally, (41) shows that in both cases that 
arise there, p(x.) < p(x). Then w(x.) < 
w(x,), and from (34), a 


Pe according as x, 2 Xe 


n, according as x,.2 Xe 


(44) Xoe > Xoe 


A smaller degree of intersectoral substitu- 
tion could have reversed the result, as in | 
Section I. 

An intuitive reason for these results can 
be given as follows. With our large group 
assumptions, the revenue of each firm is 
proportional to xv'(x}. However, the con- 
tribution of its output to group utility is 
y(x). The ratio of the two is p(x). Therefore, 
if p'(x) > 0, then at the margin each firm 
finds it more profitable to expand than what 
would be socially desirable, so x, > Xe. 
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Given the break-even consfraint, this leads 
to there being fewer firms. 

Note that the relevant magnitude is the 
elasticity of utility, and not the elasticity of 
demand. The two are related, since 


etx) S 
Oo) 5G) T BQ) 


Thus, if p(x) is constant over an interval, so 
is (x) and we have 1/(1 + 8) = p, which is 
the case of Section I. However, if p(x) 
varies, we cannot infer a relation between 
the signs of p’(x) and 6'(x). Thus the varia- 
tion in the elasticity of demand is not in 
general the relevant consideration. How- 
ever, for important families of utility func- 
tions there is a relationship. For example, 
for v(x) = (k + mx)’, with m > O and 0 < 
j <1, we find that —xv’’/v’ and xv’/y are 
positively related. Now we would normally 
expect that as the number of commodities 
produced increases, the elasticity of substi- 
tution between any pair of them should in- 
crease. In the symmetric equilibrium, this is 
just the inverse of the elasticity of marginal 
utility. Then a higher x would correspond 
to a lower n, and therefore a lower elasticity 
of substitution, higher —xv'’/v’ and higher 
_xv'/v. Thus we are led to expect that p’(x) > 
0, i.e., that the equilibrium involves fewer 


~ p(x) 


„and bigger firms than the constrained opti- > 


mum. Once again the common view con- 
_cerning excess capacity and excessive di- 
' versity in monopolistic competition is called 
‘into question. 

The unconstrained optimum problem is 
to choose n and x to maximize 


(46) u = [w(x) [1 — n(@ + cx)]'-7 


It is easy to show that the solution has 


(47) Py= C 
SO 
(48) Se = 00%) 
ae Y 
(49) A= EATA 





Then we can use the second-order condition 
to show that 


(50) x, 5 x.according as p'(x) 2 0 
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This is in each case transitive with (41), and 
therefore yields similar output comparisons 
between the equilibrium and the uncon- 
strained optimum. 

The price in the unconstrained optimum 
is of course the lowest of the three. As to 
the number of firms, we note 


w(x.) dal 


n, = a 
€  @+0CX, (a+ ex, 


and therefore we have a one-way compari- 
son: 


(51) Ifx, < Xe, then ny > Me 


Similarly for the equilibrium. These leave 
open the possibility that the unconstrained 
optimum has both bigger and more firms. — 
That is not unreasonable; after all the un- 
constrained optimum uses resources more 
efficiently. 


"HI. Asymmetric Cases 


The discussion so far imposed symmetry 
within the group. Thus the number of varie- 
ties being produced was relevant, but any 
group of n was just as good as any other 
group of n. The next important modifica- 
tion is to remove this restriction. It is easy’ 
to see how interrelations within the group 
of commodities can lead to biases.-Thus, if 
no sugar is being produced, the demand for 
coffee may be so low as to make its produc- 
tion unprofitable when there are set-up 
costs. However, this is open to the objection 
that with complementary commodities, 
there is an incentive for one entrant to pro- 
duce both. However, problems exist even 
when all the commodities are substitutes. 
We illustrate this by considering an industry 
which will produce commodities from one 
of two groups, and examine whether the 
choice of the wrong group is possible.® 

Suppose there are two sets of commodi- 
ties beside the numeraire, the two being per- 
fect substitutes for each other and each hav- 
ing a constant elasticity subutility function. 
Further, we assume a constant budget share 


8For an alternative approach using partial equilib- 
rium methods, see Spence. 
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for the numeraire. Thus the utility function 
iS 


(52) 


n piip; n2 py] !/e9\s 
ij=l i2- ] 


We assume that each firm in group 7 has a 
fixed cost a; and a constant marginal cost ¢;. 

Consider two types of equilibria, only 
one commodity group being produced in 
each. These are given by 


aay “He et 


C18; 
Pi = cl + B,) 
— S6, 
n E S EER 
' all +B) 
8 
Jı = pny?! = o (l + gaya (2) 
i = s*(1 — s) gr" 
= Gs a 
53b) X% = ——, Xx, = 0 
(53b) xX oo l 
` Pa = (1 + f) 
ñ, = sb 
a(l + B2) 
8 
J, = pony? = c(l + p,)'~%(22) ? 


iy = s*(1 — s) g7 


Equation (53a) is a Nash equilibrium if 
and only if it does not pay a firm to produce 
a commodity of the second group. The de- 

mand for such a commodity is 


à -| 9 
; s/p 


Hence we require 


for p 2 ĵi 
for p2 < q; 


max ( py — C,)X2 = s — s) < a, 
p 1 
2 


or 


a SC 
~ d; < sa, 





Similarly, (53b) is a Nash equilibrium if and 
y 
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only if : 
= SC 
(55) qr < — 


S — a, 


Now consider the optimum. Both the ob- 
jective and the constraint are such as to lead 
the optimum to the production of com- 
modities from only one group. Thus, sup- 
pose n; commodities from group i are being 
produced at levels x; each, and offered at 
prices p;. The utility level is given by 


(56) - u = xg {xini ti + xna.) 
and the resource availability constraint is 


(57) 
Xo + Aila, + cX) + mla, + 2X2) = 1 


Given the values of the other variables, the 
level curves of u in (m,, n) space are con- 
cave to the origin, while the constraint is 
linear. We must therefore have a corner 
optimum. (As for the break-even con- 
straint, unless the two q; = p,;n;*! are equal, 
the demand for commodities in one group 
is zero, and there is no possibility of avoid- 
ing a loss there.) 

Note that we have structured our ex- 
ample so that if the correct group is chosen, 
the equilibrium will not introduce any 
further biases in relation to the constrained 
optimum. Therefore, to find the constrained 
optimum, we only have to look at the 
values of u; in (53a) and (53b) and see which 
is the greater. In other words, we have to 
see which ĝ; is the smaller, and choose the 
situation (which may or may not be a Nash 
equilibrium) defined in (53a) and (53b) cor- 


` responding to it. 


Figure 2 is drawn to depict the possible 
equilibria and optima. Given all the rele- 
vant parameters, we calculate (g,, g2) from 
(53a) and (53b). Then (54) and (55) tell us 
whether either or both of the situations are 
possible equilibria, while a simple compari- 
son of the magnitudes of g, and ĝ, tells us 
which is the constrained optimum. In the 
figure, the nonnegative quadrant is split 
into regions in each of which we have one 
combination of equilibria and optima. We 
only have to locate the point (g;, g2) in this 
space to know the result for the given 
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FIGURE 2. SOLUTIONS LABELED I REFER TO 
EQUATION (53a); SOLUTIONS LABELED II 
REFER TO EQUATION (53b) 


parameter values. Moreover, we can com- 
pare the location of the points correspond- 
ing to different parameter values and thus 
do some comparative statics. 

To understand the results, we must ex- 
amine how g, depends on the relevant 
` parameters. It is easy to see that each is an 
increasing function of a; and c;. We also 
find 


and we expect this to be large and negative. 
Further, we see from (9) that a higher f; 
corresponds to a lower own-price elasticity 
of demand for each commodity ‘in that 
group. Thus ĝ; is an increasing function of 
this elasticity. 

Consider initially a symmetric situation, 
with sc, /(s — a) = sce,/(s — a2), By = Bp 
(the region G vanishes then), and suppose 
the point (gı, g2) is qn the boundary be- 
tween regions A and B. Now consider a 
change in one parameter, say, a higher own- 
elasticity for commodities in group 2. This 
raises 92, moving the point into region A, 
and it becomes optimal to produce com- 
modities from group | alone. However, 
both (53a) and (53b) are possible Nash 
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equilibria, and it is therefore possible that ` 
the high elasticity group is produced in equi- 
librium when the low elasticity one should 
have been. If the difference in elasticities is 
large enough, the point moves into region 
C, where (53b) is no longer a Nash equilib- 
rium. But, owing to the existence of a fixed 
cost, a significant difference in elasticities is 
necessary before entry from group ! com- 
modities threatens to destroy the “wrong” 
equilibrium. Similar remarks apply to re- 
gions B and D. 

Next, begin with symmetry once again, 
and consider a higher c, or a;. This in-~ 
creases g, and moves the point into region 
B, making it optimal to produce the low- 
cost group alone while leaving both (53a) 
and (53b) as possible equilibria, until the 
difference in costs is large enough to take 
the point to region D. The change also 
moves the boundary between A and C up- 
ward, opening up a larger region G, but 
that is not of significance here. 

If both g, and g, are large, each group is 
threatened by profitable entry from the 
other, and no Nash equilibrium exists, as in 
regions E and F. However, the criterion of 
constrained optimality remains as before. 
Thus we have a case where it may be neces- 
sary to prohibit entry in order to sustain the 
constrained optimum. 

If we combine a case where c > c (or 
a; > a) and B, > 8, i.e., where commodi- 
ties in group 2 are more elastic and have 
lower costs, we face a still worse possibility. 
For the point (¢,, 92) may then lie in region 
G, where only (53b) is a possible equilib- 
rium and only (53a) is constrained opti- 
mum, i.e., the market can produce only a 
low cost, high demand elasticity group of 
commodities when a high cost, low demand 
elasticity group should have been produced. 

Very roughly, the point is that although 
commodities in inelastic demand have the 
potential for earning revenues in excess of 
variable costs, they also have significant 
consumers’ surpluses associated with them. 
Thus it is not immediately obvious whether 
the market will be biased in favor of them 
or against them as compared with an opti- 
mum. Here we find the latter, and inde-* 
pendent findings of Michael Spence in other 


-~ 
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contexts confirm this. Similar remarks 
apply to differences in marginal costs. 

In the interpretation of the model with 
heterogenous consumers and social indif- 
ference curves, inelastically demanded com- 
modities will be the ones which are inten- 
sively desired by a few consumers. Thus we 
have an “economic” reason why the market 
will lead to a bias against opera relative to 
football matches, and a justification for 
subsidization of the former and a tax on the 
latter, provided the distribution of income 
` is optimum. : 

Even when cross elasticities are zero, 
there may be an incorrect choice of com- 
modities to be produced (relative either to 
an unconstrained or constrained optimum) 
as Figure 3 illustrates. Figure 3 illustrates 
a case where commodity A has a more 
elastic demand curve than commodity B; A 
is produced in monopolistically competitive 
equilibrium, while B is not: But clearly, it 
is socially desirable to produce B, since ig- 
noring consumer’s surplus it is just mar- 
ginal. Thus, the commodities that are not 
produced but ought to be are those with in- 
elastic demands. Indeed, if, as in the usual 
analysis of monopolistic competition, elimi- 
nating one firm shifts the demand curve for 
the other firms to the righħt:(i.e., increases 
the demand for other firms), if the con- 





FIGURE 3 
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output 


FIGURE 4 


sumer surplus from A (at its equilibrium 
level of output) is less than that from- B 
(i.e., the cross hatched area exceeds the 
striped area), then constrained Pareto opti- 
mality entails restricting the production of 
the commodity with the more elastic 
demand. l 

A similar analysis applies to commodities 
with the same demand curves but different 
cost structures. Commodity A is assumed to 
have the lower fixed cost but the higher 
marginal cost. Thus, the average cost curves 
cross but once, as in Figure 4. Commodity 
A is produced in monopolistically com- 
petitive equilibrium, commodity B is not 
(although it is just at the margin of being 
produced). But again, observe that B should 


. be produced, since there is a large con‘ 


sumer’s surplus; indeed, since were it to be ~ 
produced, B would produce at a much 
higher level than A, there is a much larger 
consumer’s surplus. Thus if the government 
were to forbid the production of A, B 
would be viable, and social welfare would. 
increase. l 

In the comparison between constrained 
Pareto optimality and the monopolistically 
competitive equilibrium, we have observed 
that in the former, we replace some low 
fixed cost-high marginal cost commodities 
with high fixed cost-low marginal cost com- 
modities, and we replace some commodities 
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with elastic demands with commodities with 
inelastic demands. 


IV. Concluding Remarks 


We have constructed in this paper some 
models to study various aspects of the rela- 
tionship between market and optimal re- 
source allocation in the presence of some 
nonconvexities. The following general con- 
clusions seem worth pointing out. 

The monopoly power, which is a neces- 
sary ingredient of markets with noncon- 
vexities, is usually considered to distort 
resources away from the sector concerned. 
However, in our analysis monopoly power 
enables firms to pay fixed costs, and entry 
cannot be prevented, so the relationship be- 
tween monopcly power and the direction of 
market distortion is no longer obvious. 

In the central case of a constant elasticity 
utility function, the market solution was 
constrained Pareto optimal, regardless of 
the value of that elasticity (and thus the 
implied elasticity of the demand functions). 
_With variable elasticities, the bias could go 
either way, and the direction of the bias de- 
pended not on how the elasticity of demand 
changed, but on how the elasticity of utility 
changed. We suggested that there was some 
presumption that the market solution 
would be characterized by too few firms in 
the monopolistically competitive sector. 

With asymmetric demand and cost condi- 
tions we also observed a bias against com- 
modities with inelastic demands and high 
costs. 

The general principle behind these results 
is that a market solution considers profit at 
the appropriate margin, while a social opti- 
mum takes into account the consumer’s sur- 
plus. However, applications of this principle 
come to depend on details of cost and de- 
mand functions. We hope that the cases 
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presented here, in conjunction with other 
studies cited, offer some useful and. new 
insights. 
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Vertical Control By Labor Unions 


By FREDERICK R. WARREN-BOULTON* 


Much of the complexity of the collective 
bargaining process can be conceptually re- 
duced to the choice by a union of some 
point along a given derived-demand curve 
for labor. Many union actions often labeled 
“restrictive practices? or ‘“featherbedding” 
do not, however, easily fit into this frame- 
work. Instead they appear to result in a 
wage-employment combination which lies 
entirely off the derived-demand curve for 
labor. They involve either fixing the total 
amount of employment or fixing the labor- 
capital (or labor-output) ratio, in addition 
to setting the wage rate.' Unions have also 
used more subtle measures, essentially taxes 
on output or capital, which can have a simi- 
lar effect to direct controls. 


*Assistant professor of economics, Washington 
University, St. Louis. I would like to thank Charles 
Berry, Edward Kalachek, Robert Parks, and Lee Ben- 
ham for helpful comments. 

‘Examples include requiring a minimum number of 
musicians per theater orchestra; minimum crew sizes 
and absolute employment levels in railroading; and 
work rules in Pacific Coast longshoring which,’ until 
the 1960 Mechanization and Modernization Agree- 
ment, required firms to.employ a fixed quantity of 
labor inputs or required that labor be used in fixed 
proportions to other inputs or outputs. For numerous 
other examples, see Lloyd Ulman, pp. 536-66. 

2The United Mine Workers finances its Welfare and 
Retirement Fund by a royalty on each ton of coal pro- 


_ duced in union mines; the Mechanization and Mod- 


ernization Fund in West Coast longshoring is financed 
on a tonnage basis while the unemployment fund on 
the East Coast is financed by a royalty on containers 
proportional to the degree of anticipated labor dis- 
placement; airline pilots are paid according to a com- 
plex formula which closely resembles a tax on either 
output or capital; and the Teamsters Union has nego- 
tiated mileage-rate differentials based on truck size and 
cargo capacity, and a royalty payment on the trans- 
port of highway trailers on railroad flatcars. Unions 
may desire such arrangements for several reasons. For 
example, the airline pilot wage structure has resulted 
in large benefits to seniority and has facilitated bar- 
gaining in an industry with rapid productivity in- 
creases. In addition, tying wages to particular equip- 


ament may have enabled price discrimination by the 


union. Some union practices also reguiarize employ- 
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Analytically, these actions bear a close 
resemblance to vertical integration, tying 
arrangements, or other forms of vertical 
control by firms with market power over a 
product which can be used in variable pro- 
portions as an input in a downstream pro- 
duction process.? For example, suppose that 
a powerful union in a competitive product 
industry wishes to increase the earnings per 
hour of its members, but is unwilling to 
force up the wage rate because of the output 
and substitution effects on employment. 
Vertical control can be used to reverse the 
substitution effect. Since formal vertical 
integration by unions is rare, assume the 
union imposes a tax or royalty on the final 
product. If the union wishes to increase 
earnings per worker with no change in em- 
ployment, it can raise the royalty rate while 
simultaneously reducing the wage rate. The 
fallin the quantity of labor demanded due 
to the effect of the higher royalty rate on 
output can thus be balanced by the increase 
in labor demanded due to the effect of a 
lower wage-rental ratio on the labor-output 
ratio. Assuming that the elasticity of de- 
mand for the product eventually becomes 
greater than unity, this balancing act can 
continue until some finite maximum level 
of earnings per worker (from wages and 
royalties) is reached. The crucial require- 
ment for the process to work, of course, is 
that the elasticity of substitution between 
labor and other inputs be greater than zero, 
since in the absence of a substitution effect 
there is no difference between the effects of 
a tax on labor and a tax on output. 

This incentive for vertical control by 


ment or spread the same amount of work over a larger 
number of employees. Nevertheless, all these measures 
can be used to achieve a wage-employment combina- 
tion off and to the right of the derived-demand sched- 
ule for labor. 

3For an analysis of vertical control by firms, see 
the author (1974). 
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unions has not gone unnoticed in the litera- 
turet What is needed, however, is an ex- 
plicit model of vertical control by unions, 
based on some reasonable union objective 
function, which can specify optimal union 
policy toward vertical control, analyze the 
determinants of such a policy, and establish 
the theoretical relationships between verti- 
cal control by unions and vertical control 
by firms. Before presenting such a model, 
however, we must first establish an objec- 
tive function for labor unions and ask if any 
special constraints are applicable to the 
labor union case. 

We assume thet a union’s objective func- 
tion is representable by a utility function, 
U = U(W,L) whose only components are 
earnings per worker and employment. 
Graphically, the union selects that wage 
which results in the wage-employment com- 
bination where the derived-demand sched- 
ule for union labor is tangent to the union’s 
highest indifference curve. In the context of 
a labor monopoly, vertical control can best 
be viewed as a method of shifting outward 
the demand curve for union labor. Assum- 
ing that neither earnings per worker nor 
employment are inferior goods to the 
union, the effect of vertical control on earn- 
ings per worker and on employment will lie 
between one of two extremes. First, the 
union could take ali the gains from vertical 
-controi in the form of increased employ- 


4The clearest exposition is by Gregg Lewis (1951): 


The law and social canons against extortion ... in 
effect require labor monopolies to depend chiefly 
upon wage taxes for their monopoly gains. But em- 
ployers can avoid wage taxes to some extent by sub- 
Stituting untaxed services for the taxed labor ser- 
vices. . 

Unions remedy or partially remedy this defect of 
a wage levy in two ways. First, they supplement 
wage taxes with other levies, output royalties, for 
example, which do net have this defect. Second, 
they place hurdles in the way of the substitutions in 
order to make wage taxes approximate excise taxes 
in their revenue effects. These hurdles include 
standby rules, work demarcation regulations, and 
other “make-work” and “‘featherbedding” rules. 

. [p. 284] 

5For discussions of trade union goals, see Allan 

Cartter and Ray Marshall, pp. 240-58, and Wallace 
Atherton. 
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ment, leaving earnings per worker un-~ 


changed (a horizontal wage-preference 
path). At a second extreme, the union could 
leave employment unchanged and take all 
gains in the form of increased earnings per 
worker (vertical wage-preference path). In 
most cases, a relatively horizontal wage- 
preference path could be expected until 
existing union members are fully employed. 
Once full employment is reached, a union 
could be expected to use vertical control 
mainly to increase earnings per worker. 

What factors could limit the use of verti- 
cal control by a union? The union cannot 
force the price of the final product above 
what it would cost to produce that product 
without the use of union labor. If the union 
has complete control over labor supply, 
this maximum price would be the cost of 
production when no labor is used. If a con- 
stant elasticity of substitution (CES) pro- 
duction function is assumed, the cost of 
production without the use of one factor is 
finite only if the elasticity of substitution is 
greater than unity. In many cases, however, 
the power of a union to increase production 
costs may also be constrained by the exis- 
tence of nonunion labor. If the union forces 
the cost of production up too far, new firms 
using nonunion labor may enter the indus- 
try or existing firms may switch over to 
nonunion labor. The cost of production 
using nonunion labor will then set an upper 
limit for the price of the final product after 
vertical control. 

Even if the union has effective control 
over labor supply, however, the imposition 
of vertical control could involve enforce- 
ment costs. If a strike is necessary, the 
union will incur a cost in foregone earnings 
over the contract period. These costs can be 
expected to be greater, the greater the loss 
to employers in reduced profits. Recogni- 
tion of these costs results in an additional 
constraint on the extent of attempted verti- 
cal control. 

Having specified the objective function 
and constraints, I proceed first to set out 
the simplest form of the union model, as- 
suming a Cobb-Douglas production func-* 
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tion with constant returns to scale. The 
odel is then generalized to a CES produc- 
tite function, nonunion labor and enforce- 
ment costs are introduced, and the model is 
applied to union vertical control in coal 
mining. 


I. Union Vertical Control With a 
Cobb-Douglas Production Function 


Assume a Cobb-Douglas production 
function with constant returns to scale: 


(1) X = YLKU-® 


where X = final good, L = unionized labor, 
K = capital (or other inputs), Y = efficiency 
parameter, and0 < ô < I. 

Assume also a constant-elasticity demand 
function for the final product of the form: 


(2) X = Z/P! 


where Z > 0,7 > 1. 
The X-industry is assumed competitive, 
setting price equal to marginal cost: 


Y5(1 — 5-8 


where M, = marginal cost of X, P, = wage 
rate, and P; = rental price of capital. 

Assume also a constant-elasticity supply 
function for K of the form: 


(4) — K= HPt 


where H > 0, and e = elasticity of supply 
of K. Using equations (1)-(4) we can solve 
for the derived-demand curve for labor be- 
fore vertical control: 


(5) L = C/PE 


where E, the elasticity of derived demand 
for labor, is given by 


6The Cobb-Douglas case is presented in detail, 
both because it permits the derivation of explicit equa- 
tions for the effects of vertical control, and because 
one of the most interesting cases of union vertical 
control occurs in the coal mining industry. The in- 
dustry demonstrates strong evidence of constant re- 
turns to scale and an elasticity of substitution between 
capital and labor of approximately unity. 
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ponte t bey - 1) 
n +e — ôl -— 1) 
and, for convenience, 


(E - 1) (E -1) 

C= zZz%-Đ0y ? 
{E -Dell -8 {E-1X1- å) 
ôE(l ae ô) 6(1 +e) H 6(1 +e) 


Facing (5), the union chooses the wage- 
employment combination (P,, L) where the 
demand curve for labor is tangent to the 
union’s highest indifference curve. 

If the union decides to exert vertical con- 
trol, it can choose any one of the forms 
mentioned earlier. The choice would de- 
pend mainly on transactions, enforcement, 
and informational costs.’ Since in the ab- 
sence of such costs all forms can produce 
identical results, the analysis is restricted to 
a royalty or tax on output. 


A. Tax on Output 


Assume that the union imposes an ad 
valorem royalty or tax, t,, on the final prod- 
uct. Earnings per worker will then be the 


7 Uncertainty, technical change, lack of precise tech- 
nical information, and problems of specification and 
control lead one to expect that vertical control through 
a price mechanism, such as output taxes, would be 
considerably more efficient than direct-contro! mea- 
sures such as wage-employment agreements or setting 
labor-capital ratios. Over time, direct controls can 
lead to a degree of inefficiency that approximates 
simple work-sharing. This appears to have happened 
in West Coast longshoring, and helps to explain the 
union’s willingness to replace the existing work rules 
with more efficient forms of work-sharing, such as 
leisure, combined with output royalties. On the other 
hand, all labor earnings are in the form of wage pay- 
ments if direct-control measures are used. The use ‘of 
output royalties (and, to a lesser extent, taxes on capi- 
tal or an equivalent profit-sharing agreement) reduces 
direct wage payments and may require the channeling 
of a significant share of earnings through a union or 
outside organization. If the union leadership is not ` 
particularly powerful or trusted by members, or if 
royalty revenue by tradition or law is assignable only 
to particular uses which benefit some union members 
more than others (such as the Welfare and Retirement 
Fund in the UMW case), then the union may choose a ` 
higher wage and lower output tax combination than 
that which would maximize earnings per worker for 
any given employment level. 
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new wage rate, P,, plus dach worker’s share 
of the tax receipts, (1, P,X)/L: 


(6) W = P,+1,P,X/L 


With o = 1, competition in the X-indus- 
try, and constant returns to scale, wage 
earnings are a constant share of the after- 
tax value of sales of X: 


(7) PD = 5(t — t,) PX 
Substituting (7) into (6), 


me i 
8 W = Pil + —— 
z ( a(1 — 5) 

After the tax is imposed, firms set the 
marginal cost of producing X equal to their 
net price after tax of X. Thus we must re- 
place equation (3) with 
= P: PU -® _ 

9) M, = ———*—_— = (1 - 4,)P. 
a . Yôž(1 — yE- ( 


Using equations (1), (2), (4), and (9), we can 
solve for the demand for labor after vertical 
control: 


(E - 1) 


(10) E = (1 — 4) C/PE 


To characterize the optimal tax rate for 
the union, we calculate the critical points 
of the Lagrangian W, of (8) subject to (10), 





= A 
(i) W = P, i + a i = 





ies {E — i)» 7 
+t+AIL =-  — 40-08 c/ 
and solve for the optimal tax rate, 
(12) ETE = 
nl + e) 

Substituting (12) into (8), solving for P, 
and substituting into (10), we arrive at a 
new demand schedule for labor as a func- 
tion of earnings per worker: 


a(1 +e) 


c(i B ies 1) 
n 


(n~ l)e(l ~ê) 


] \4 J \ te=- 1) 
Wite] = 
| ED 


(3) E- 


JUNE 1977 


B. Effect of Vertical Control on Earnings 
and/or Employment f. 


We can now solve for the proportion y 
which the demand curve has shifted. Sup- 
pose that the union decides to take all its 
gains from vertical control in increased 
earnings per worker, leaving employment 
constant (vertical wage-preference path). 
Using equations (5) and (13), and setting 
L = L, we can solve for the ratio of earn- 
ings per worker after vertical control to 
earnings per worker before vertical control: 


nii +e) 


( Lees 
n 


= Gonaicn > | 


į ] \7+ e+ õela i) 
eens E 
( z)( i 7 


where 
ORy.,-T Rwf 
: 0, : 0, 
006 s de z 
and 
ORy.1 5 <0 
on 


Thus the less elastic the supply of other in- 
puts, the less elastic the demand for the final 
product, and the lower the share of labor 
costs in total costs, the greater the propor- 
tion by which earnings per worker can be 
increased. Solving for the values of Ry., 7 
as 7, 6, and e reach their limit values: 


Limit Ry.,.7 = 1 
å— | 


! 
8 


Limit Ry... E = 
å— 0 


ll 
a T 
| 
= 
=. 
by 
V 
pene 


Limit Ry.,.r = ~——4— 
gm œw l M 1 
E 


which approaches unity as a lower limit as 
7 —> œ oras ô—> 1, and approaches 1/ô as , 
n> I, : 
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\Limit Ry...c = 1/6 


1 + ôe 
a aca 


l j i+de 
é(l = ell ae P 


which approaches unity as e —> œ, and ap- 
proaches 1/6 as e —> 0. Thus vertical con- 
trol will always enable the union to increase 
earnings per worker at the previous level of 
employment, unless both the elasticity of 
final demand and the elasticity of supply of 
other inputs are infinite. The maximum pro- 
portion by which earnings can be increased, 
1/8, results as either the elasticity of final 
demand becomes unity (its assumed lower 
limit), or the elasticity of supply of other 
inputs approaches zero. Because vertical 
control enables the union to act both as a 
monopolist in the final-product market and 
as a monopsonist toward other input sup- 
pliers, vertical control can be effective even 
when the price of the final product cannot 
be raised. 

‘Similarly, if the union chooses to take all 
gains in increased employment, we can 
again use equations (5) and (13) to solve for 
the maximum increase in employment with 
W = Pr: 





(15) Ri:w-pP; = 


nil +e) 


( oo 
= 
n 


(y — I)e(l — ô) 


= (Rw: >i 


C. Effect of Vertical Control on the Price 
of the Final Product 


The effect of vertical control on the price 


r, of the final product depends on the union’s 


preference between increased employment 


t 


1 \4 | \7te-8@-) 
mes a ee 
A ER 


WARREN-BOULTON: VERTICAL CONTROL 313 


and increased earnings per worker. The 
general expression for the price effect is- 
given by? 


eil — ô) 
(16) J ate + eln- 1) 
6(1 +e) 1 ES 


R, = (4e 
L, 





] 


i 


If the union takes all gains in increased 
earnings per worker, L = L, and 
e{i ~ 3) 
} n+e+t de(y — 1) 
l +l. 
a >I 





ee 

7 

If the union takes all gains in increased em- 
ployment, W = P,, and 


(18) Rp, w- P] T 


` 


1 # 
e(t- ô) | n+ e -ói 1) 





AV 


The price increase will be greater, the 
more the union chooses to take its gains in 
the form of increased earnings rather than 
increased employment—a result to be ex-. 
pected. What is perhaps less expectable is 
that if the supply of K is sufficiently inelas- 
tic, a fall in the price of the final product is 
possible when vertical control is used to in- 
crease employment. To take the extreme 


8 Using equations (3) and (9): 


Py Pta -i1 
(a) Rp, as Ë EI (28) 


Using equations (4) and (7): 


(1—8) PL Ifi +e ; ; 
(b) n= [ tone 


= (1 _ i) PL i/ite 
(c) Fal zH | 


Substitution of Py from (b), Py from (ch, P; from (5), 
P, from (10), and t, from (12) into (a) gives us’equation 


(16). 
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+ 


case, if e —> 0, equation (18) reduces to 


5 
(19) Rp wep, = penned 


e-+0 


In essence, with e < œ, vertical control 
enables the union to effectively monop- 
sonize nonlabor inputs. If the gain from 
_ such monopsonization is sufficiently large, 
some of that gain may be passed on to con- 
sumers of the final product. | 


D. Effect of Vertical Control on the Price 
and Quantity of Capital 


In contrast to consumers of the final 
product, capital (or other cooperant input) 
suppliers always lose as a result of union 
vertical control. If the union takes all gains 
in increased earnings, the effect on the 
quantity of K is 


(20) Rxipek ia 


en 
i ] n+e+ de(n — 1) 
n 


1 
e 





<] 
1 + 


while if the union takes all gains in in- 
creased employment: 
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with corresponding effects on P; since, from 
equation (4), Rp, = Rx’. 

While capital suppliers always lose as a 
result of union vertical control, their losses 
are lessened if the union takes its gains in | 
increased employment (Rx:,-7 > Rx:w-p,)- 

The effects of optimal vertical control by 
a union on the labor, capital, and output 
markets are illustrated in Figure 1, which 
assumes 7 = € = 2, g = l, and 6 = 1/4. 
For ease of exposition, initial equilibrium 
input and output prices have been set at 
unity by assuming Y = (4/3)”, Z = 4, 
H = 3, and P, = 1. Facing the initial de- 
mand curve for labor, LZ in Figure 1A 
(equation (5)), the union chooses point A, 
resulting in P; = Py, = P, = 1. With an op- 
timal tax (¢, = 2/3 from equation (12)), the 
labor demand curve, with earnings per 
worker from wages and tax revenue on the 
vertical axis, shifts out to LL (equation 
(13)). Since, ceteris paribus, the output ef- 
fect of a royalty would reduce the quantity 
of labor demanded, a reduction in the wage 


N 
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FIGURE |: EFFECTS OF VERTICAL CONTROL BY A LABOR UNION ON THE LABOR, 
CAPITAL, AND OUTPUT MARKETS, ASSUMING 9 = e= 2, ø= 1,d= 1/4 


rate is necessary if the quantity of labor de- 
manded is to remain constant or increase 
after vertical control. In this example, if the 
wage rate is reduced to P, = 37-4 = .23, 
the output and substitution effects on the 
quantity of labor demanded will just bal- 
ance the output effect of the royalty on the 
quantity of labor demanded. Since the gain 
in royalty revenue more than compensates 
for the fall in wage income, the net result is 
“a movement to point B in Figure 1A, with a 
‘108 percent increase in earnings per worker 


~ * 


at the same level of employment (equation 
(14)). In the capital market (Figure 1B) the 
net effect of the royalty and the lower wage 
rate is a leftward shift in the demand sched- < 
ule for capital,’ resulting in a 39 percent fall. 


9Since a supply schedule for labor does not exist, 
we cannot solve for a true demand function for K. For | 
any given wage rate and tax rate, however, a “demand 
curve” for K can be derived. Note that since we assume 
a =] <yn = 2in this example, K and L are gross com- 
plements, so a reduction in the wage rate, holding the 
tax rate constant, shifts out the demand curve for K. 
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in the price of the cooperant input and a 
62 percent reduction in the quantity de- 
manded (equation (20)). In the output mar- 
ket (Figure 1C), the net effect of the output 
royalty and the reduction in both input 
prices is a 44 percent increase in the price 
of the final product. 

Alternatively, if the union takes all the 
gains from vertical control in increased em- 
ployment, with no change in earnings per 
worker, it can move to point C in Figure 1A 
by further reducing the wage rate to P, = 
1/9 = .11. As compared with the situation 
before vertical control, this would result in 
a 140 percent increase in employment with 
no change in earnings per worker (equation 
(15)); a 36 percent reduction in the price of 
capital and a 68 percent fall in the quantity 
of capital demanded (equation (21)); and a 
25 percent increase in the price of the final 
product (equation (18)). 


E. The Equivalence of Vertical Control 
by Firms and by Unions 


The introduction of a utility function for 
the supplier of a monopolized input elimi- 
nates both the usual profit-maximization 
assumption and the marginal-cost function 
for the monopolized input. The effects of 
vertical control by a utility-maximizing 
union can, however, be shown to be identi- 
cal to the effects of downstream vertical 
integration by a profit-maximizing firm. As- 
sume that good L is produced by a profit- 
maximizing monopolist who faces the 
downstream production, demand, and co- 
operant-input supply conditions given by 
equations (1) through (4). We can then 
solve for the effects of vertical integration 
on monopoly profits, the price of the final 
product, and the quantity of the cooperant 
input: all functions of g, the elasticity of the 
marginal-cost function for the monopolized 
input (see the author, 1977). As g — œ, the 
resulting expressions reduce to equations 
(15), (18), and (21), respectively. Thus if a 
union takes all gains from vertical control 
in increased employment, the percentage 
increase in employment is equal to the per- 
centage increase in monopoly profits made 
by an integrating firm with constant mar- 
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ginal costs, and the effects in the final-. 
output and cooperant-input markets arg 






to equations (14), (17), and (20). Thus vefti 

cal integration by a firm with a fixed supply 
of the monopolized input is equivalent to 
vertical control by a union with a vertical 
wage-preference path, where the percentage 
increase in monopoly profits is equal to the 
percentage increase in earnings per worker. 


II. Generalization to a CES Production Function 


The model can be further generalized by 
the use of a general CES production func-~ 
tion of the form: 





e-t m 
(22) X= vue + (1 ine 
Y>O00<6<I10<a<wnw 


The correspondence between vertical con- 
trol used by a union to increase earnings per 
worker and vertical control by a profit- 
maximizing firm with a fixed supply of the 
monopolized input still holds. The analogy 
between a union taking all gains in in- 
creased employment and a firm with con- z 
stant marginal costs for the monopolized’ 
input, however, breaks down with o = 1. 
Compared to vertical integration by a firm 
with constant marginal costs, vertical con- 
trol used by a union to increase employ- 
ment will result in a larger increase in the 
price of the final product if o < 1, and a 
smaller increase in the price of the final 
product if o > 1.'° 

Simulation experiments for the CES case 
reveal an expectable pattern. The effect of 
vertical control on earnings, holding em- ` 


10With o = 1, labor's share of total after-tax costs, 
k;, is constant and equal to 6. With constant and e, 
the elasticity of demand for labor, 


_ a(n +e) + kye(n — a) 
= ate—k(y-¢) 


is unchanged by vertical control. But if o> 1, E falls 
after vertical control, while if e < 1, E increases. Thus 
with ø > 1, the effect of a union taking some or all 
gains in increased employment would correspond to 
profit maximization with an implicit marginal-cost 
schedule which was upward sloping, while with g < |, 
the implicit marginal-cost curve would be downward, 


sloping. 
% 


ad 
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ployment constant, rises from zero at g = 0, 
reaches a maximum at some oa > 1, and 
falls again to zero as o approaches infinity. 
The possible gains from vertical control are 
very sensitive to the values assumed for 7 
and 6. With low values for 7 and 6, and with 
ao roughly between 1.0 and 2.0, the gains 
from vertical control can be very large, even 
when e — © so no monopsony gain oc- 
curs.!! 


Ill. Special Constraints: 
Nonunion Labor and Enforcement Costs 


In many cases, a union’s ability to in- 
crease labor costs may be effectively con- 
strained by the entry of new firms using 
nonunion labor or by a shift to nonunion 
labor by existing firms. 

Suppose that new nonunionized firms will 
enter the industry if unionization raises the 
price of the final product to some level P,. 
The demand curve for unionized labor be- 
fore vertical control is then kinked at a cor- 
responding wage rate P,;, where from equa- 
tion (3), 


| , [B Ya — aye-9 | 
(23) Pı = [ara oS 


For existing firms, n > œ at P,. The elastic- 
ity of derived demand for unionized labor 
above P;, however, is £,.., = (1 + ôe)/ 
(1 — 6) which is always greater than unity 
but approaches infinity only as e > œ. 
Since unionized firms cannot pass on any 
increase in labor costs above Ê, to con- 
sumers, any such increase is at the expense 
of quasi rents received by unionized capital 
suppliers. As P, rises above P;, the mar- 
ginal-cost schedule for XY shifts upward for 
unionized firms, and output by unionized 
firms falls until P, falls sufficiently to offset 
the increase in labor costs. 

The kink in the demand curve for union- 
ized labor before vertical control also re- 
sults in a kink in the demand curve after 
vertical control. Suppose that before verti- 
cal control the union had chosen a wage 
greater than P,, so that n —> œ for union- 


(For details of simulation experiments using CES 
~ production functions, see the author (1977). 
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ized firms. The maxjmum increase in earn- 
ings per worker, holding employment con- - 
stant, will then be given by the limit of 
equation (14) as 7 > œ. Even if the union . 
had chosen a wage rate below P,, however, 
the price of the final product may reach P, 
before vertical control is fully achieved. The 
increase in the price of X will then be less 
than that given by equation (17), and the in- 
crease In earnings per worker will be corre- 
spondingly lessened. The full increase in P, 
and in W will be possible only if the union 
had originally chosen a wage rate suffi- 
ciently less than Ê, so that P, is greater 
than or equal to the unconstrained price of 
the final product after vertical control. 

The nonunion labor constraint is effective 
over a lesser range if the union takes its 
gains in increased employment. As before, 
the constraint is completely effective over 
the P, > Ê, range where the maximum in- 
crease in employment is given by the limit 
of equation (15) as n —> œ. Since 


Rp wep, < RpoL-L 


the range over which the constraint is par- 
tially effective is reduced if all gains are 
taken in increased employment. We would 
therefore expect that nonunion labor poses 
a lesser threat to unions using vertical con- 
trol to increase employment.” 

The union is in a worse position if exist- . 
ing firms would switch to nonunion labor if 
P, > P,. If the union has chosen a wage of 
P,, vertical control cannot increase earnings 
per worker, and any increase in employ- 
ment must come at the cost of a reduction 
in earnings per worker sufficient to keep the 
return to the cooperant input constant. The 
union cannot increase both employment 
and earnings per worker unless a higher 
wage rate was achievable before vertical 


12A clear implication of this analysis is that regula- 
tory or statutory restrictions on entry at the product 
level, and/or governmental subsidies, strongly en- 
courage vertical control by unions in these industries. 
Removal of such restrictions or subsidies can then be 
expected to reduce union resistance to, or even result 
in union support for, mechanization or technical 
change increasing labor productivity. The U.S. postal 
and maritime industries may be good examples. 
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control, but was not chpsen due to the con- 
sequences for employment. 

Unions may also restrict their use of ver- 
tical control if employer resistance would 
necessitate a strike with significant losses in 
foregone labor earnings. As mentioned 
earlier, one of several forms of vertical con- 
trol with identical effects is a tax on the co- 
operant input.’? Since the union effectively 
gains both monopoly power over the sale 
and monopsony power over the purchase of 
cooperant inputs, the suppliers of these in- 
puts have a strong incentive to resist such 
a tax or its equivalent.'* Ceteris paribus, the 
less elastic the supply of these inputs, the 
greater is both the union’s potential gain 
and the expected enforcement costs. Thus a 
lower supply elasticity may encourage or 
discourage union vertical control, depend- 
ing on the relative strength of unions and 
employers, 

Two further points should, however, be 
- considered. First, unless the firm facing the 
union is the owner of all the inputs in non- 
‘infinitely elastic supply, some or all of the 
losses to cooperant inputs, like losses to 
consumers, will not be incurred by the firm 
facing the union, and that firm will have a 
correspondingly lesser incentive to resist 
union vertical control. Second, limited ver- 
tical control can be used to increase utility 
for the union at no cost to the firm. The de- 
mand curve for labor is the locus of high 
points of a set of capital isoprofit curves. 
Note that unless the union has a fixed-pro- 
portions preference mapping, the demand 
curve for labor is not the contract curve. 


‘ IV. Vertical Control 
by the United Mine Workers of America 


` The clearest example of vertical control 
by a union has been the financing of the 


13For a proof, see the author (1977). 

i4A union unable to significantly move up its de- 
rived-demand schedule is thus unlikely to attempt 
major vertical control. The usual correspondence 
between unions which have achieved significant wage 
gains, such as the United Mine Workers and the~Air 
Line Pilots Association (see Lewis, 1963), and unions 
which have exerted vertical control, however, may not 
appear when vertical control has been used mainly to 
maintain or increase employment as in the railroad 
and maritime industries. In such cases, the gains in 
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United Mine Workers (UMW) Welfare and 
Retirement Fund through.a royalty on coal 
output.” Royalty payments, which reached 
$297 million in fiscal 1973-74, have totaled 
approximately $4 billion since 1950. Over 
the 1953-70 period, during which the roy- 
alty rate remained at 40¢ per ton, royalties 
averaged approximately 8.4 percent of the 
price of coal (f.o.b. mine), 10.9 percent of 
value-added in coal mining, and 24.1 per- 
cent of total wage costs in unionized 


mines. 


There is general agreement that the elas- 
ticity of substitution between labor and 
capital in bituminous coal production is ap- 
proximately unity and that demand is in- 
elastic.” When applied to my model, these 
estimates imply considerable restraint in the 
use of vertical control by the UMW. As 
equation (12) shows, even if e — œ, the 
actual royalty rate of 10.9 percent of value- 
added would have been optimal only if the 
elasticity of demand for unionized coal at 
the mine were approximately nine—far 
higher than any of the available estimates. 
The lower royalty rate may be due to a 
number of factors. One possibility is that 
the elasticity of demand would increase 
rapidly before the price of coal implied by 


earnings per worker from unionization may signifi- 
cantly underestimate the total effects of unionization. 

15From a 5¢ per ton levy under the 1946 Krug-Lewis 
Agreement, the royalty rate rose rapidly to 40¢ per 
ton in 1952, where it remained for nearly twenty years 
until increased to 60¢ in 1971 and to 80¢ per ton in 
1974. The 1974 three-year union contract, however, 
has changed the financing method to a combined wage 
and output levy of 74¢ per ton and 90¢ per hour for 
Nov. 1974-Nov. 1975, 78¢ per ton and $1.40 per hour 
for Nov. 1975-Nov. 1976, and 82¢ per ton and $1.54 
per hour for Nov. 1976-Nov. 1977, 

'6The UMW has also been relatively successful in 
raising the wage rates of its members, although at a 
significant cast in employment. Lewis (1970) estimates 
that during the 1960’s, unionism raised the wage rate 
of union workers relative to nonunion workers by 
about 65-70 percent, and increased the average wage 
by about 32-40 percent relative to what wage rates 
would have been in the absence of the union. During 
the 1945-68 period, however, employment (man-days 
worked) in bituminous coal fell by about 72 percent. 

17 For estimates of the elasticity of substitution, see 
G. S. Maddala, Lewis (1970), and Morris Goldstein 
and Robert Smith. For demand elasticity estimates, see 
Nallapu Reddy, and Goldstein and Smith. 
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fuel competition over the upper ranges of 
the demand schedule. The recent large in- 
creases in the price of oil, however, should 
have shifted any such elastic section signifi- 
cantly upwards. A second factor may be the 
institutional constraint that royalty revenue 
can be used only for the Welfare and Re- 
tirement Fund." The shift in the 1974 con- 
tract to a combined output and wage-tax 
financing formula, however, weakens this 
argument. A third limiting force may be the 
threat that a higher output tax might in- 
crease the percentage of bituminous coal 
output produced in nonunion mines signifi- 
cantly above the present 25 to 35 percent 
level. Finally, the UMW simply may not 
be fully aware of the advantages it has 
gained or could gain from its use of an out- 
put levy. 

Despite its apparent underutilization, the 
effects of vertical control by the UMW have 
been quite significant. We begin by separat- 
ing bituminous coal into underground and 
surface production.” Following Goldstein 
and Smith, we assume a constant elasticity 
of demand for all coal at the delivered 
stage. The split between underground- 
mined coal C,, and surface-mined coal C,, 
is then determined as a function of the rela- 


18This institutional constraint results in a clear con- 
flict of interest between older (especially retired) mem- 
bers and younger members of the union, particularly 
since, until recently, the program has been financed on 
a pay-as-you-go basis rather than being funded. A 
significant Increase in the royalty rate would thus 
probably require that a large share of the royalty re- 
ceipts be paid out concurrently to working members. 

19 Increasing the royalty would improve the relative 
position of the smaller, narrow-seam mines with low 
output-labor and capita]-labor ratios, where the prob- 
lem of nonunion labor is acute. Nonunion labor is also 


a major problem, however, in surface mining where an | 


increase in the royalty would be particularly burden- 
some due to the high output-labor ratio and lower 
price per ton. 

20A unitary elasticity of substitution between labor 
and capital can be safely assumed for both under- 
ground and surface production functions. However, 
since value-added per ton of surface coal is lower than 
that of underground, the union royalty rate in ad 
alorem terms is higher for surface than for under- 


ound coal (f; > łu). In addition, labor share in value- 
added is higher for underground production than for 


surface (6, > ô). 
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tive delivered prices of the two types of coal 
P and P,, 


Cu 
C, + C, 


We have no way of knowing the wage 
rate which would have been set by the union 
in the absence of the output royalty. We 
can, however, generate results for any given 
P,/P, (the ratio of what the wage rate would 


(24) = a(P,/ Ê)! 


have been without the royalty to the actual~ 


wage rate with the royalty), and thus trace 
out the derived-demand curve for labor in 
the absence of vertical control. Since data 
on value-added and wages are available 
only from the Census of Mineral Industries, 
we are restricted to the years 1954, 1958, 
1963, and 1967.” 

The effect of the royalty on the earnings- 
employment level for 1967 is shown in Fig- 
ure 2, where DD is the derived demand 
curve for union labor in bituminous (under- 
ground and surface) coal in the absence of 
vertical control and A is the actual earnings- 
per-worker and employment combination 
in 1967. If the union had not, utilized an 


21We assume the same value of P;/P; for both un- 
derground and surface mining. While this assumption 
reduces the estimated effects of vertical control, it ap- 
pears unlikely that the UMW could or would deliber- 
ately adjust relative wage rates in surface and under- 
ground mines so as to maximize the gains from vertical 
control. 

22Since a description of the methods used to calcu- 
late the parameter values from Census data and the 
derivation of the equations used would be rather 
lengthy, they are not reported here but are given in my 
forthcoming study (1977). Two assumptions, however, 
should be noted. First, I have assumed an infinite 
elasticity of supply for all cooperant (nonlabcr) inputs. 
To the extent that this elasticity is less than infinite, the 
quantitative results reported below are an underesti- 
mate of the effects of vertical control by the UMW, On 
the other hand the only adjustment for the existence 
of nonunion mines has been to divide the final demand 
elasticities for underground and surface coal by the 
fractions of coal produced in unionized underground 
and surface mines. This assumes that vertical control 
by the union has not increased the percentage of coal 
produced in nonunion mines, an assumption which 
can be expected to result in an overestimate of the 
effects of vertical control. In the absence of accurate 
information as to either the elasticity of supply of co- 
operant inputs or the effect of unionization on non- 
union shares, it is at least comforting that the two 
biases act in opposite directions. 


$ 
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FIGURE 2: EARNINGS-EMPLOYMENT EFFECT OF 
THE UMW Roya tty, 1967 


output royalty, achieving the actual 1967 
level of employment would have required a 
19.0 percent cut in earnings per worker. Al- 
ternatively, achievement of the actual 1967 
level of earnings per worker without the 
royalty would have resulted in unemploy- 
ment for 15.5 percent of the 1967 unionized 
. work force. 

The effects of vertical control on under- 
ground and surface coal production levels, 
prices, and capital levels depend on the par- 
ticular point along DD which the union 
would have chosen if the Welfare and Re- 
tirement Fund had been financed by a wage 
levy rather than an output royalty. Table | 
shows what would have happened if the 
union had attempted to achieve the actual 
employment levels in each year without 
using a royalty. In 1967, for example, earn- 
ings per worker would have been 19 percent 
lower (the net effect of the loss in royalty 
earnings and an increase of 2 percent in 
wage rates). While total unionized employ- 
ment in underground and surface mines 
would be unchanged, underground-mine 
employment would have been 1.8 percent 
lower and surface-mine employment 11.7 
percent higher. The capital stock in under- 
ground mines would have been only 0.1 per- 
cent higher, but capital in surface mining 
would have been 13.9 percent greater than 
the actual stock in 1967. Underground coal 
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TABLE 1—VERTICAL CONTROL USED TO 4S 
INCREASE EARNINGS PER WORKER (L = L) 


1954 1958 1963 1967 


P/W 0.853 0.853 0819 0.810 
P/P, 1.027 1.021 1.015 1.020 
L/L, 0.987 0.986 0.981 0.982 
L/L 1.136 1.404 LII 1.417 
L/L 1.000 1.000 1.000 1.000 
K,/K, 1.013 1.007 0.996 1.001 


K./K, 1.166 1.128 1.128 1.139 
C./C, 0996 0995 0.989 0.992 
C/G 1154 1119 1123 1.132 
C/C 1.032 1.029 1.036 1.036 
P,/P, 0913 0.926 0921 0917 ~ 
P./P. 0.854 0875 0.861 0.864 
P,/B, 0.953 0.959 0.955 0.952 
P/P. 0.937 0.945 0.936 0.934 


production would have been reduced by 0.8 
percent, while surface production would 
have been 13.2 percent higher. Total ton- 
nage (underground and surface, not ad- 
justed for differential BTU content) would 
have been 3.6 percent higher. Value-added 
prices would have been 8.3 percent lower 
for underground coal and 13.6 percent, 
lower for surface coal. Delivered prices 
would have been 4.8 percent lower for un- 
derground coal and 6.6 percent lower for 
surface coal. 

Table 2 shows the corresponding effects 
if the union had attempted to achieve the 
actual earnings-per-worker levels in each 
year without using a royalty. It is particu- 
larly interesting to note that the resulting 
fall in employment would have occurred en- 
tirely in underground mining, with surface- 
mining employment actually higher for alb 
years. Comparing Tables i and 2 also shows 
that use of an output royalty results in a 
considerably larger reduction in capital 
utilization if vertical control is used to in- 
crease employment.” 


23The contrast with the conclusion of Section Ip 
supra is worth noting. A finite “optimal” output levy 
requires that 7 > 1. Since we assume o = |, capital 
and labor will be gross complements if n > 1, so that 
the Section Ip result holds. If n < 1, however, as in 
the UMW case with a “suboptimal” royalty rate, capl- 
tal and labor will be gross substitutes, and vertical con 
trol will result in a larger reduction in the capital stock 
if the royalty is used to increase employment. ` 


í 
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TABLE 2—-VERTICAL CONTROL USED 
TO INCREASE EMPLOYMENT (W = P;) 


1954 ` 1958 1963 1967 


P/W = 1.000 1.000 1.000 1.000 
P,/P, 1.203 1.197 1.239 1,259 


L,/L, 0865 0864 0825 0.819 
L,/Z, 1.452 1.067 ` 1.017 1017 
L/L 0.891 0.888 0.852 0.845 


K,/K, 1.041 1.034 1.022 1.031 
K,/Ke 1.386 1.277 126i 128I 


C,/C, 0924 0936 0919 0,926 
C/G, 1.291 1196 1.179 1.195 
C/T 1007 1.007 1.010 1.009 
P,/P, 1.012 1011 1.017 1.012 
P./P, 0907 0.927 0,916 0.921 
B,/P, 1.006 1.006 1.009 1.007 
P./P. 0.961 0.969 0.962 0.963 


One intriguing possibility which emerges 
from these results is that underground coal 
mine operators may actually have benefited 
from the UM W’s use of an output royalty. 
If vertical control has been used to increase 
employment, Table 2 shows that the reduc- 
tion in the wage rate more than offsets the 
effect of the output royalty on underground 
unit costs, Combined with the outward shift 
of the demand curve for underground coal 
(due to the increase in the relative price of 
surface-mined coal), this reduction in un- 
derground unit costs results in an approxi- 
mately 7 percent increase in underground 
production over the period. If vertical con- 
trol has been used to increase earnings per 
worker (Table 1), unit costs for under- 
ground mines have risen, but the demand 
shift is still sufficient to result in a marginal 
„increase in underground output. The impli- 
cation is that as long as the same wage rate 
and royalty per ton is imposed on all coal 
mines, underground coal operators as a 
group (and especially the operators of small 
underground mines with high labor/output 
and labor/capital ratios) could well have 
benefited from the UMW’s use of an output 
royalty.” 


24Williamson (1968) has argued that higher wage 
rates imposed on all mines may be in the interest of the 
operators of the larger underground coal mines where 
labor-capital ratios are significantly lower than in the 
7 smaller underground mines. The introduction of sur- 
face mines as a third sector with the lowest labor- 
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V. Cénclusions 


Restrictive work rules, output taxes, or 
other forms of vertical control can be of 
significant benefit to union members, par- 
ticularly when the elasticity of demand for 
the final product, the share of labor in total 
costs (more precisely, the distribution pa- 
rameter), and the elasticity of supply of 
other inputs are ail low, while the elasticity 
of substitution between labor and other in- 
puts is somewhat greater than unity. The ef- 
fects of such union actions are analytically 
very similar to the effects of vertical inte- 
gration, tying arrangements, or other forms 
of vertical control by firms with market 
power over a product which can be used in 
variable proportions as an input by down- 
stream producers. Since estimates of substi- 
tution elasticities between capital and labor 
are usually higher than between commodity 
and other inputs, however, we would expect 
vertical control to be more attractive to 
unions than to firms. 

Despite the potential gains, unions may 
avoid or limit their use of vertical control if 
the parameter values for y, 6, e, and o are 
such that vertical control would be of minor 
benefit, if nonunion labor poses a major 
problem, or if strong resistance by em- 
ployers would require significant enforce- 
ment costs for the union. Finally, many 
unions may simply be unaware of the po- 
tential gains from vertical control. 


Capital ratios would weaken and perhaps invalidate 
this conclusion. A comparison of Tables I and 2, how- 
ever, indicates that Williamson’s proposition is correct 
for surface-mine operators. 
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Black-White Male Wage Ratios: 1960-70 


By JAMES P. SMITH AND FINIS R. WELCH* 


It is likely that at no time in recorded his- 
tory has racial equality received as much at- 
tention as during the 1960’s in the United 
States. It is also likely that economists will 
associate the last decade most closely with 
the beginning of a dramatic erosion in some 
of the more historically persistent wage dif- 
ferentials in the United States. This paper 
documents changes in black-white male 
earnings! as these changes are revealed in 
two surveys, the | in 100 Public Use Sam- 
ples of the Census of Population in 1960 
and 1970. However one slices the data, the 
improvement in the relative income of black 
males during the 1960’s is impressive. 
Equally eye-catching is the universal shar- 
ing of these gains across experience and 
schooling classes. But even though ali black 
age and experience groups gained on average 
relative to whites, the gains were not equally 
distributed: those whose relative position 
improved most are more likely to be the 
most educated and the more recent entrants 
into the labor market. 

There are three sections to this paper. 
The first summarizes relative black-white 
earnings and wage ratios by schooling class 


*Economist, The Rand Corporation; professor of 
economics, University of California at Los Angeles 
and economist, The Rand Corporation, respectively. 
This research was supported by a contract from the 
U.S. Department of Labor and a grant from HEW to 
The Rand Corporation, and by a grant from the Ford 
Foundation to the National Bureau of Economic Re- 
search. Frank Berger, Richard Buddin, Ann Dukes, 
Bill Gould, and Iva MacLennan provided competent 
research assistance. 

iThe samples used here refer to males with earnings 
in 1959 and 1969, Self-employed are excluded, as are 
persons whose imputed years of work experience ex- 
ceeds 40 years or is negative. Experience is defined as 
current age minus age at leaving school. Following 
Giora Hanoch, the following school-leaving ages were 
assumed. 


Schooling Level 


8 9-11 12 13-15 16 17+ 
16 18 20 23 25 28 


0-7 


Age: 14 
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and estimated time out of school (work ex- 
perience) for both 1960 and 1970. The 
second section focuses on two issues that 
have occupied much of the recent research 
on black-white incomes: 1) the viability of 
schools as a mechanism for increasing black 
economic status; and 2) the effectiveness of 
governmental antidiscrimination legislation 
in eliminating racial wage differentials. Re- 
cent work has challenged the earlier pessi- 
mism that formal schooling was not an ef- 
fective means of improving the well-being 
of blacks. In addition to our assessment of 
this controversy, we will evaluate a number 
of hypotheses related to the schooling ques- 
tion, 1.e., secular and regional variation in 
school quality, and life cycle components to — 
the return to schooling. Many? have argued 
that the rise in black-white ratios over the 
1960’s is the effect of enforced compliance 
to fair employment legislation popularly 
known as “affirmative action.” While this 
Issue is not addressed directly, we have 
compiled some indirect evidence that the 
economic impact of this legislation is 
probably overrated. Based on our work, the 
largest gains in black-white wage ratios 
have occurred in industries least vulnerable 
to federal or local government “arm-twist- 
ing.” The final section presents a partial 
accounting giving order-of-magnitude esti- 
mates of some sources of black-white in- 
come differences as of 1970 and of changes 
between 1960 and 1970. 


I. Income and Wage Ratios: An Overview 


In this section we highlight those patterns - 
of black-white earnings ratios that capture 
the major changes of interest during the 
1960’s. The ratios of black-white wages are 
listed in Table 1 in a manner designed to 
separate the distinct life cycle and cohort 


i] 

2See especially Richard Freeman and Wayne Vro- 

man. For a critical examination of the Freeman paper, 
see Robert Flanagan. 
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TABLE 1—BLACK-WHITE EARNINGS RATIOS FOR COHORTS IN 1960 AND 1970 


Average 
Cohort Experience Annual 
as of 1970 Earnings 
(years out of school) 1970 1960 
L All School Completion levels 
il-5 ` .653 — 
6-10 .648 — 
11-15 62] 510 
16-20 .601 529 
21-30 594 545 
31-40 604 540 
It. Elementary School Graduates (8 years completed) 
1-5 835 — 
6-10 .779 — 
11-15 .708 673 
16-20 110 .688 
21-30 .749 671 
31-40 ret .719 
II. High School Graduates (12 years completed) 
l-5 WER — 
6-10 .169 — 
11-15 129 654 
16-26 J31 .676 
21-30 .678 655 
31-40 .675 623 
IV. College Graduates (16 years completed) 
1-5 .716 — 
6-10 647 — 
11-15 .662 618 
16-20 654 559 
21-30 519 446 
31-40 504 389 
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Average 
Weekly Within Between? 
Earnings Cohort Cohort 
1970 1960 1970-60 1970-60 
.702 — —- .134 
677 — —- .104 
641 568 .073 060 
618 573 045 .031 
616 585 O31 042 
.620 574 046 046 
865 -— — .162 
.802 -— — .089 
.137 .703 .034 .013 
.117 -713 .004 .021 
.763 .708 .055 .022 
.740 741 — 601 030 
806 ~= — .092 
.791} -— — 077 
.749 714 .035 .067 
.750 714 036 .060 
.698 685 O13 .050 
.690 648 042 .100 
TIS — — .120 
.692 — — .110 
.688 .655 033 .106 
675 582 093 .158 
557 470 087 .136 
522 421 01 100 


4First difference cf the corresponding entries in columns 3 and 4. 
bFirst difference cf entries in columns 3 and 4 of groups with same experience, e.g. .134 = .702 — .568. 


i 


trends.’ The 1970 column gives black-white 
ratios for the six experience classes in 1970. 
The second column gives the same ratios for 
1960, but it is pushed down by two rows. 
Thus, the first entry .510 is black-white 
earnings ratio fer the 1-5 experience group 
in 1960; this cell had 11-15 years of ex- 
perience in 1970. The trend within a cell as 
a new cohort enters can be read up the 
diagonal. The within-cohort life cycle trends 
are illustrated across a row. A number of 


3Numbers reported are ratios of averages, i.e., they 
are average black earnings or weekly wages relative to 
appropriate averages for whites. Weekly wages are 
earnings last year divided by weeks worked last year. 
The average weekly wage used here is total earnings of 
all persons divided by tetal weeks worked, i.e., indi- 
vidual earnings per week are weighted by weeks 
worked. 


patterns are apparent. First, the large earn- 
ings differentials that existed in 1960 were 
partly eroded between 1960 and 1970, but 
as of 1970 differences remained large. 
Second, black-white earnings ratios are 
highest for those who entered the labor 
market during the 1960’s, and they are 
higher for those entering between 1965 and 
1970 than for 1960-65 entrants. Among co- 
horts who were in the labor market in 1960, 
with the exception of college graduates, we 
find that by 1970 the relative position of 
blacks had improved only slightly over 1960 
levels. But, among the cohorts whose work 
experience predates 1960, the pattern ex- 
hibited for post-1960 entrants continues to 
hold: namely, that younger black cohorts— 


more recent entrants into the labor mar- 


ket—-fare better than their earlier counter- 


1 


Á 
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parts. Third, the gains that occurred be- 
tween 1960 and 1970 are broadly based. 
Wage growth was fairly uniformly dis- 
tributed across experience and education 
cells for white males, but this apparent 
growth neutrality for whites contrasts 
sharply with the trends emerging among 
blacks where the extent of the gain is posi- 
tively related to education level and to time 
of entry into the labor market.4 The most 
spectacular improvement is undoubtedly 
tnat of college-educated blacks. 

The observed patterns in black-white 
earnings ratios of persistent cohort im- 
provement, relatively larger gains to more 
schooled workers, and a smaller rate of in- 
crease within cohorts is not consistent with 
either a pure life cycle or vintage hypothesis. 
The frequently observed cross-sectional de- 
cline in black-white wage ratios as age is 
increased produced theories of labor market 
discrimination that favored a life cycle ex- 
planation. The presumption underlying 
such theories is that some jobs, those dubbed 
“secondary,” are dead-end, with little pros- 
pect for career progress in wages and job 
status, while other jobs facilitated upward 
mobility. Persons who seemed likely candi- 
dates for secondary careers were dispro- 
portionately black and less schooled. In 
either cross section (reading down a column 
in Table 1), black-white wage ratios clearly 
deteriorate as experience increases or vintage 
decreases and the rate of decline is more 
pronounced at higher levels of school com- 
pletion. But, the within-cohort changes be- 
tween 1960 and 1970 are the mirror image 
of the cross section. Not only did the rela- 


4To illustrate the separate white and black trends, 
consider the following table which gives by race the 
ratio of 1970 to 1960 weekly wages {in constant dol- 
lars) by separate experience and education groups: 


Experience class: 1-5 11-15 21-30 


Elementary: White 1.23 1.13 L21 
Black LSI 1.14 1.17 
High School: White 1.26 1.20 1,21 
Black 1.46 1.32 1.29 


College: White 1.27 1.23 1.23 
Black 1.61 1.55 1.63 
Complete Sample: 
White 1.30 1.30 1.32 
Black 1.61 1.45 1.40 
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tive position of blacks improve as they 
added 10 years of work experience, but this 
improvement was greatest at higher school- 
ing levels. This data rejects the “secondary 
labor market” view and lends more support 
to the alternative that differences in the 
cross section are indicative of cohort dif- 
ferences. 

We attribute the rising wages between co- 
horts to differential vintage effects that 
favor black males. The simplest vintage 
model would describe black-white wage 
ratios as functions only of cohort—of time 
of entry into the job market.* If vintage ef- 
fects reflect secular change either through 
rising relative quality of black labor or de- 
clining front-end labor market discrimina- 
tion, younger, more recent cohorts of blacks 
would fare better in comparison to whites 
than older cohorts, but the differences exist- - 
ing within a given cohort in 1960 would 
persist until 1970. Our “best guess” for ra- 
tionalizing the pro-skill bias in rising black- 
white wage ratios within cohorts is increas- 
ing school quality. There is evidence that 
nominal attributes such as days attended, 
school retardation rates, teacher educational 
levels, and teacher salaries have been im- 
proving throughout most of this century for 
black students relative to whites (see Welch, 
1973a, b). More importantly, black students 
have been switching into integrated tradi- 
tionally white-dominated schools—espe- 
cially colleges. 

Calendar year effects, i.e., changes in 
labor markets, emerge as a likely candidate 
for explaining the observed increases within 
cohorts. An obvious source of gzin between 
1960 and 1970 is the improvement in the 
general level of economic activity. Indeed, 
it is important to establish that the black 
achievements were not solely due to busi- 
ness cycles. The penalties imposed by busi- 
ness contractions are not uniform over 


5For example, in the well-known human capital 
model proposed by Yoram Ben-Porath. the life cycle 
wage growth paths are independent of the initial 
human capital stock. 

6The U.S. aggregate average unemployment rate 
was 5.5 percent in 1959 and had fallen to 3.5 percent 
by 1969. We have also excluded males with zero earn- 
ings from this study. 


326 THE AMERICAN ECONOMIC REVIEW 


education, age, or racial groups, and as 
business conditions improved over the 
decade, black earnings would have in- 
creased relative to whites. Other researchers 
have provided convincing evidence that 
during recessionary periods those most ad- 
versely affected are the less skilled (schooled) 
and, symmetrically, these same people gain 
most during business expansions. Yet, in 
our wage comparisons, those blacks who 
gained most in comparison to whites had 
the most schooling. Secondly, the change in 
the real characteristics of people (i.e., 
schooling or location) that we observed 
during the decade would, in the absence of 
any business cycle trends, have led to an in- 
crease in the relative income position of 
blacks. Third, comparisons of occupational 
“sameness” between blacks and whites over 
the decade indicate that the observed wage 
changes are likely to be permanent. Sup- 
pose, for example, that the income gains of 
blacks had been achieved alongside increas- 
ing black-white occupational disparity (seg- 
regation). In contrast to a situation in which 
black and white occupational and industrial 
distributions were increasingly congruent, 
we would be quite reluctant to argue that 
we are moving toward racial parity. Ac- 
cording to our measure of occupational 
congruency, as of 1970, the occupational 
distribution of black males who entered the 
work force between 1960 and 1970 is more 
similar to the white distribution than to the 
1970 occupational distribution of blacks 
who had entered the work force prior to 
1960.’ Because of changes in economic con- 
ditions between 1960 and 1970, the agree- 
ment between observed wage changes and 
the presumably more cyclically durable oc- 


7Our index'of congruency between the ith and jth 
group is defined as 


(A+A) 
=D fa fa e 1—1 
r 2 


where / indexes the is ag and f refers to propor- 
tions such that ©; fy = l. This index is bounded 
by 0 (ne overlap in AE and 1 (complete con- 
gruency). This index for pre-1960 black entrants and 
all whites is 0.722. It is 0.875 for pre- and post-1960 
black entrants and rises to 0.901 for the comparison of 
post-1960 blacks to whites. 
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cupational distributions is taken as support 
for the notion that wage comparisons re- 
flect, at least in part, long-run changes. 


A. The Statistical Frame 


Because our overall objective is to ac- 
count for differences in black and white 
earnings as of 1970 and for changes in earn- 
ings ratios between 1960 and 1970, we have 
organized the data around an internally 
consistent set of ordinary least square 
(OLS) regressions, Regressions are esti- 
mated separately for six work experience 
classes, but data for a given class are pooled 
among years (1960 and 1970) and across 
races (black and white). The regression for- 
mat is: 


(1) y = x' bo ae d,x'é, + d x’ ô, 


zg didx' ôy + Uu 


where d, = | if black d, = | if 1960 
0 otherwise 0 otherwise 


The dependent variable y is the logarithm 
of the weekly wage in constant Consumer 
Price Index (CPI) dollars. The vector of ex- 
planatory variables x is partitioned into 
four groups: 1) schoo! completion; 2) geo- 
graphic location; 3) government employ- 
ment; 4) years of work experience. Exact 
definitions of each of the included variables 
are provided in the appropriate sections. In 
this form, bọ is the parameter vector asso- 
ciated with x for whites in 1970, 6, is the 
black-white difference in parameters in 
1970, ô, is the 1960-70 change in parameters 
for whites, and 6,, is the 1960-70 change in 
the black-white difference in parameters. In 
this completely interactive form the param- 
eter estimates for each of the race-year 
groups are identical to those that would 
have been obtained from separate regres- 
sions performed within each group.° 
Estimates of this fully interactive model 
were too general in that it allowed for 
parameter differences that apparently did 


8It does give slightly different test statistics since in 
this pooled form the estimate of residual variance (07) 
is based on the sum of the residual quadratics over the 
four groups instead of being estimated separately for 
each group. 


VOL. 67 NO. 3 


not exist. We found in our initial attempts 
at accounting that too often “statistically 
significant?” effects were numerically 
swamped by estimates that contained too 
much error to be believed. We therefore 
imposed a number of exclusion restrictions 
on parameters. In all cases, these restric- 
tions are for “interaction” effects and the 
procedure followed was generally that of 
deleting “statistically insignificant” effects.’ 
Such a procedure risks incorrect inference 
because sequential tests are not inde- 
pendent. We note only that the constrained 
estimates are more efficient and whatever 
biases they imply are necessary to clarify 
our estimates of factors contributing to in- 
creased black-white wage ratios. 


H. Schooling and Affirmative Action 


We focus initially on two “problems” 
that have been a central part of most studies 
of racial wage differences—the income re- 
turns to schooling and the impact of gov- 
ernmental antidiscrimination legislation. 
There are three important questions regard- 
ing the impact of schooling on earnings: 1) 
are returns for blacks as high as for whites; 
2) can inferences of secular change in 
quality of schooling be drawn by observing 
coefficient differences by race, among work 
experience classes, and through time; and 3) 


We do not report here either the full set of con- 
strained or unconstrained estimates. These are avail- 
able in Smith-Welch, p. 59. Several of the variables 
suppressed in the constrained estimates are statistically 
significant in the fully interactive model. Although the 
imposed constraints delete variables that in the main 
appear insignificant in the fully interactive model, the 


joint test for significance clearly rejects the null hy- 


pothesis. The computed F-statistics are: 


Degrees of 

Experience Class F-Statistic Freedom 
1-5 1.95 28; 17,613 

5-10 1.92 29; 17,413 
11-15 1.18 20; 16,722 
16-20 1.36 33; 16,576 
21-30 1.51 33; 31,254 
31-40 2.61 33; 24,899 


The associated (0.01) critical value F(30;0) = 1.69. 
This problem of an inability to reject hypotheses is 
common to large samples and has resulted in a number 
of attempts to weaken test criteria. See, in particular, 
Carlos Toro-Vizcarrondo and T. Dudley Wallace, and 
Wallace. 
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does the post-1970 evidence of deteriorating 
returns to higher education support the 
notion that whatever its historic rele, edu- 
cation is unlikely to be a viable route to. 
economic mobility in the future. While re- 
gression of log earnings on schooling can 
never definitively resolve questions concern- 
ing the underlying cause of the income 
schooling relationship, we believe that any 
observed regularities in the pattern of 
schooling coefficients across age, race, or 
cohort groups are at the least suggestive 
about the nature of the schooling-income 
relationship. For affirmative action, we 
examine the apparent contributions of gov- 
ernments to black wage growth by contrast- 
ing performance between direct government 
employment; employment in regulated in- 
dustries, and indirect government employ- 
ment (work in private industries whose 
product is purchased by governments). 


A. Schooling 


The estimated equations include two 
variables for school completion. The first 
ranges from 0 to 12 and indicates years of 
elementary and secondary schooling. The 
second measures years of post-secondary 
schooling. If a person reports a positive 
number of years of college, the grade school 
variable is set equal to 12.'° This “‘spline”’ 
function is linearly segmented to permit 
slope coefficients to differ between the first 
12 and succeeding years, but the linear seg- 
ments are constrained to join at 12 years. - 
Tests of equality for the two coefficients 
within experience classes show that it can be 
rejected in most cases. ; 

In examining the unconstrained estimates 
for the fully interactive model, we found no 
significant evidence that returns to ele- 
mentary and secondary schooling differed 
between 1960 and 1970. In each vear, grade 
schooling coefficients were higher for whites 
than for blacks. In contrast, returns to col- 
lege were higher in 1970 than in 1960 and 


l6This is similar in spirit to the specification pro- 
posed by Lester Thurow. He included continuous vari- 
ables: 0-8, 9-12, and 13+ years of schooling. However, 
he then takes the Jog of these variables and does not” 
permit interaction between experience and years of 
schooling. 
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+ 
TABLE 2— ESTIMATED SCHOOLING COEFFICIENTS2 


Years of Experience White 
Elementary and Secondary: 
1-5 143 
6-10 „100 
11-15 069 
16-20 .062 
21-30 .059 
31-40 .050 
1970 
College: 
1-5 124 
6-10 093 
11-15 .092 
16-20 O88 
21-30 O77 
31-40 074 


Black 
,097 
083 
054 
046 
032 
026 
1960 1970 1960 
099 158 132 
082 b 7 
075 3 b 
065 b 7 
070 b p 
.050 b i 


aThe schooling coefficients can be read as the fractional increase in income asso- 
ciated with an extra year of schooling. Since standard errors of estimation are small 
relative to coefficient estimates they are not reported. 

bConstrained to equal white coefficients. Actually, in the unconstrained estimates, 
four of the five estimated coefficients are higher for blacks than whites in 1970, 
whereas the opposite is true for 1960: four of five coefficients are higher for whites. 
Nonetheless, numerical differences are small and are statistically insignificant. 


black-white differences were slight. Table 2 
reports the constrained estimates that sup- 
press year interaction for grade schooling. 
Consider first the question of black-white 
differences. Initial studies based on the 1960 
Census by Hanoch, Thurow, and others 
painted a consistent picture of low returns 
to schooling for blacks. Later work based 
principally on the Survey of Economic Op- 
portunity (see Leonard Weiss and Jeffery 
Williamson, 1972, or Welch, 1973a) esti- 
mated black education coefficients that were 
as large or even larger than those obtained 
for whites in 1960. This raised the possibility 
of a strong structural shift during the decade 
in the effectiveness of black schooling. Con- 
tinuing this controversy in a recent issue of 
this Review, Charles Link, using group data 
from the 1970 Census, obtained results 
quite similar to those reported in Thurow’s 
1960 Census study. In a detailed rebuttal, 
Weiss-Williamson (1975) found consider- 
ably higher black returns in 1970 using indi- 
vidual data. Because we have pooled esti- 
mates based on both the 1960 and 1970 
Census, we are able to directly test for 
black-white differences in the return to 


schooling and the existence of structural 
shifts. For the grade school variables, the 
full interactive estimates suggest that the re- 
turns to grade school for blacks are lower 
than for whites. In contrast, the marginal 
returns to post-secondary schooling are 
actually higher for blacks than for whites in 
the 1-5 experience interval. We find no sta- 
tistically significant difference by race in the 
college returns in the other experience in- 
tervals. If school systems are not an effec- 


tive means of increasing black incomes, it is | 


clear that the problem lies at the elementary 
and secondary levels. 

Concentrating on the coefficients that 
measure secular movements, there was no 
trend in the returns to grade school for 
either race between 1960 and 1970, but 
higher wage returns to college in 1970 in all 
classes.'' There is some evidence that the 
college coefficient rose more during the de- 


llIn a more detailed specification in which the 0-12 
segment was divided into an elementary (0-8) and high 
school range (9-12), there seems to be support for a 
decline in the returns in the 0-8 range and a slight rise 
in the 9-12 range for both races. 


rob, 


2 
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cade for blacks than for whites. !? These esti- 
mates show that earlier studies based on the 
1960 Census which did not allow inter- 
actions with work experience seriously 
underestimated the prospects for black 
schooling. Although returns to college rise 
over the decade, there is no indication of a 
pronounced structural shift. 

Weiss and Williamson (1972) describe a 
number of hypotheses relating to regional 
variation in the quality of black schools. As 
they point out, one possible explanation for 
a weak effect of education on black income 
is that historically blacks were educated 
primarily in low quality southern schools. 
If this were the cause of low payoffs to 
black education, one might expect black re- 
turns to Increase relative to those of whites 
as more blacks were educated in the North. 
Using the 1967 Survey of Economic Op- 
portunity (SEO), they include as explana- 
tory variables in an earnings equation, an 
index of an individual’s residence at age 16 
as a proxy for the region where schooling 
occurred.'? They find that blacks who lived 
in the North and large southern Standard 
Metropolitan Statistical Areas (SMSA) 
when they were 16 actually had slightly 
lower earnings, giving little support for re- 
gional variation in black schooling quality. 
They also report that the largest negative 
differential for those blacks living in the 
North at age 16 existed among younger co- 
horts. On this basis, Weiss-Williamson sug- 
gest that there may have been some decline 
in the quality of northern ghetto schools. 
We think these tests are deficient for two 
reasons: because their hypotheses relate to 
quality of schools, the appropriate specifi- 
cation involves an interaction with educa- 


12Tn a dummy variable specification, we find that the 
difference between the change in the returns between 
12 and 16 years of schooling for blacks and whites was 
(for years of experience): 


Years: 1-5 6-10 I-15 {16-20 21-30 31-40 
134 096 021 8.358)  .213 160 


13In particular, they allowed for five regional labor 
markets; rural South, small city South, medium city 
South, large city South, and non-South. We have sub- 
stituted some regional detail in the South for a more 
precise specification of the education region interac- 
tion. 
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e 
TABLE 3—REGIONAL RETURNS TO EDUCATION 


Southern Southern 
Years Residence Birth 
of Educational Education 
Schooling Education Interaction Interaction 
1970 Whites : 
0-12 .0748 0251 ~~ .0095 
13+ 1068 0349 ~ 0253 
1970 Blacks 
0-12 0604 ‘0140 ~ 0048? 
13+ .1202 0284 —01394 


4Indicates not significant at 95 percent confidence 
interval. 


tion rather than a dummy variable for 
residence; there is the problem in separating 
schooling quality from the market for 
skilled labor.'* Since skilled labor is rela- 
tively scarce in the South, the premium to 
skill (education) may be higher there even 
though schools are of lower quality. To sep- 
arate these effects, we have interacted years 
of education separately with dummy vari- 
ables for southern residence and southern 
birth—-the former to capture regional dif- 
ferences in the returns to skill and the latter * 
to measure regional differences in quality of 
schooling. !5 (See Table 3.) 

According to our estimates, the South is 
characterized by a larger return to skill for 
both races. The fact that schooling demands 
a premium in the South may well be the 
basis of the migration of skilled labor ob- 
served in the post-World War II era. South- 
ern birth (presumably, attendance at south- 
ern schools) lowers the return to schooling, 
though not significantly so for blacks. If 
there is evidence of quality of schooling 
here, it is that southern schools are inferior ` 
for whites. The case for regional compari- 
sons in quality of schooling for Elacks is less 
clear.’ 


it4See Welch’s 1967 paper, the first systematic at- 
tempt to separate the effects of schooling quality and 
factor ratios on existing skill differentials. 

ISThese regressions are computed only for compari- 
son with the Weiss-Williamson estimates. Since all ex- 
perience classes are pooled, regressions described do 
not conform to the experience specific estimates dis- 
cussed in other sections. 

16Thus, our conclusion is in accord with Weiss-Wil- 
liamson even though our test is quite diferent. 
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Returning to patterns among experience 
groups exhibited in Table 2, schooling is a 
less important discriminator of earnings for 
more experienced or older vintaged work- 
ers. By looking at changes within cohorts in 
Table 2, we can follow a single cohort and 
observe the returns to schooling.” For the 
college segment of the spline, with the ex- 
ception of the initial 1960 cohort, there is 
a slight rise in the return to schooling within 
cohort. In contrast, the pattern emerging 
within cohorts for the elementary and 
secondary segment is precisely the decline 
predicted by the cross-sectional relation. In 
an earlier paper, Welch (1973) performed a 
similar comparison using the 1960 Census 
and 1967 SEO. There, although within each 
cross section the education coefficients de- 
clined with experience, the within-cohort 
coefficients were remarkably stable. This 
was used as evidence that the cross-sec- 
tional pattern was mainly one of improving 
secular change in the quality of schools and 
not a life cycle phenomenon. Obviously—at 
least for the elementary coefficients—our 
‘experiment with the two Censuses tells ‘a 
different story. One possibility is that a life 
cycle component was dismissed too readily. 
.It is conceivable that the skills acquired in 
college are more complementary with job 
experience than are skills acquired in grade 
school. Moreover, the relatively tighter 
labor markets in 1969 compared to 1959 
may have depressed returns to schooling 
and nullified long-run tendencies. 

A final possibility is that there may not be 
any strong a priori reason to predict that tn- 
creased quality of schooling will necessarily 
alter the semilogarithmic coefficient of 
wages on schooling. To illustrate, let aggre- 
gate output be 


(2) Y = f(8(N, QS), K) 


where N is the number of workers, S is the 
aggregate years of school completed, Q is 
quality of schooling, and K is a composite 
nonlabor input. An individual’s education 


'7Thus, in Table 3, we should compare the schooling 
coefficient for a 1960 experience group to the ex- 
perience group in 1970 that contains 10 more years 
experience, 
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e; = Qi is simply the product of quantity 
and quality. 

A worker’s wage (w;) (the marginal prod- 
uct), expressed in logs is?’ 


(3) log(W;) = log( fig) 
+ log(l + Q( 82/81)i) = log( fi gı) 
+ O( g2/2:)i =a + bi 


It consists of the return to the “warm 
body,” a = f, g,, and the fractional incre- 
ment associated with a year of schooling, 
b = Q( 82/8}). 

Now consider the effect of an increase in 
quality of schooling on the return to school- 
ing, es 
(4) dinb _ dinQ 2 din( g2/21) 7 ] 


dinQ dinQ dinQ o 


where ø is the elasticity of substitution be- 
tween warm bodies and education in g ( ), 
the labor composite. Improvement in the 
quality of schooling has two effects on re- 
turns: it increases the amount of education 
associated with given attendance and this 
effect is to increase b; but, it increases the 
total stock of education and with diminish- 
ing marginal rates of substitution lowers its 
price. Only if warm bodies and education 
are good substitutes (o > 1) would an in- 
crease in quality increase the return to 
schooling. 

In this simple model, there is no life cycle 
component in the return to schooling. This 
does not imply, however, that in a single 
cross section the return to schooling is inde- 
pendent of age (vintage). Suppose that there 
is steady secular advance in the quality of 
schooling.” In a cross section b, = Q(t)g,/ 








ig dy 
W; = za ee) + Qig2) 
n; 


= figi + Qige/z1) 


where 
ay. Og. og 
J = 2.81 = —, and g; = —— 
dg aN ð QS 


The approximation involves assuming that Q(g3/8g;) 
is small, i.e., /n(1 + bi) oe bi. 
12Let Q(t) represent schooling quality for a cohort 


entering the work force at time t, with Q’ > 0 captur- ` 


ing the vintage effect. 
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TABLE 4—RECENT RETURNS TO EDUCATION: MEAN INCOME RATIOS 
YEAR-ROUND FULL-TIME WORKERS 
1967 1969 197] 1973 
Age A B A B A B A B 
25-34 1.34 1,32 1:22 1.39 1.33 1.29 1.30 1.23 
35-44 1.38 1.50 1.38 1.54 1.32 1.50 1.21 1.48 
45-54 1.31 1.50 1.32 1.65 1.30 1.64 1.37 1.56 
55-64 1.26” 1.49 1.32 1.66 1.36 1.48 1.27 1.61 
65+ 1.26 1.44 1.29 1.53 1.28 1.46 1,24 1.40 
Source: Current Population Surveys, various issues. 
A: Income ratio: Males who have completed high school to males who have completed elementary school. 
B: Income ratio: Males who have completed college to males who have completed high school. 
gı, but g2/g, depends only on aggregate trated traditionally white colleges. The 


stocks and is independent of vintage. There- 
fore b} = Q'(t)g./g, > 0 and returns to 
schooling are higher for more recent co- 
horts (1.e., younger workers). 

For comparing profiles between two 
cross sections, relative to the earlier profile, 


Q(t) would have shifted upward as the 


vintage of the later cross section is increased 
and g,/g, would have fallen, both because 
Q has increased and because average 
schooling levels will themselves have in- 
creased. Between cross sections, the return 
profile can shift upward only if e > 1, suff- 
ciently to compensate for the reduction in 
82/2, generated by rising average schooling 
levels. Within cohorts, the life cycle profile 
should exhibit declining returns as more re- 
cent entrants arrive with higher quality and 
higher average levels of schooling. If this is 
a reasonable description, then the fact that 
the returns-experience profiles did not de- 
cline for elementary and secondary school- 
ing between 1960 and 1970, and actually in- 
creased for college is tentative evidence that 
schooling’s quality increased and that o > |, 
sufficiently to thwart any downward tenden- 
cies associated with rising average schooling 
levels. Further, the fact that the returns- 
experience profiles are more steeply inclined 
for grade schooling for blacks is consistent 
with a presumption of more rapid secular 
increases in quality of schooling for blacks. 
Also, the higher returns to college for the 
youngest blacks may signal quality im- 
provement, as black students have pene- 


problem is that, aside from the apparent in- 
crease in returns to college between 1960 
and 1970, the estimated profiles are also 
consistent with life cycle phenomena. And, 
the two hypotheses cannot be disentangled 
without imposing more structure on the 
model. 

The increased return to college atten- 
dance that we find between 1960 and 1970 
may be surprising. The arrival of the com- 
paratively well-educated postwar baby 
boom cohorts into the labor market could 
have signalled an end to the persistently ob- 
served high returns to college training. 
Freeman has in fact argued just this point, 
except that he presumes that returns to col- 
lege began to decline after 1969. 

Freeman’s conclusions are based on com- 
parisons of college/high school graduate 
earnings ratios between 1969 and 1973, as 
described in the Current Population Surveys 
(CPS). He reports a severe decline in the | 
earnings ratio and argues that since unem- 
ployment rates increased between 1969 and 
1973, the change occurred despite the busi- 
ness cycle and may therefore be permanent. 
We have summarized the data for selected 
years in Table 4. ; 

The most obvious feature of Table 4 is 
that calendar year effects—the conditions of 
markets in a particular year—pliay a larger 
role in determining skill differentials than 
most current models presume. Also, if 1969 
is taken as a base, as Freeman does, the de- 
cline to 1973 looks prodigious. But, if for 
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example, 1967 is used as the base, the over- 
all decline is much less pronounced. In fact 
with the exception of the youngest age 
group, there is little evidence of change be- 
tween 1967 and 1973. 

The fact that cyclical factors may explain 
declining relative earnings of young work- 
ers is added reason for skepticism about the 
permanency of any decline in the value of 
higher education. It is generally argued that 
cyclical downturns offer a relative ad- 
vantage to more skilled workers. This argu- 
ment is founded on the presumption of 
“quasi fixity’? or specificity of training on 
the job being positively correlated with 
levels of schooling. More skilled workers 
will be stockpiled or hoarded by firms dur- 
ing periods of reduced labor demand with 
an eye toward recouping any short-run 
losses during future expansionary periods. 
However, if a firm is in the process of 
hoarding (i.e. underutilizing) its skilled 
manpower, it surely will’ not be simul- 
taneously hiring skilled laborers (i.e., recent 
graduate-entrants). If the theory predicts 
that skilled workers with job seniority are 
less vulnerable to cyclic vagaries than 
others, it must also predict that new en- 
trants to the skilled workforce are more 
vulnerable than cthers. The large influx of 
college graduates that coincided with the 
recent cyclical downturn seems to have met 
a predictable fate. Whether their reduced 
relative wage will persist is uncertain, but 
the recent experience is a dubious basis 
either for extreme pessimism or for extrap- 
olation. 


B. Affirmative Action 


Many studies (Link; Weiss-Williamson; 
Freeman; Joan Haworth, James Gwartney, 
and Charles Haworth) have assigned a 
major part of the improvement in relative 
black income to the effects of government 
antidiscrimination legislation. Unfortu- 
nately, the standard empirical practice is to 
deduce the impact of the government as a 
component of the residual—all changes in 
black-white wage ratios not accounted for 
by the explanatory variables. It is regrettable 
that a concept that warrants as much atten- 
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tion as discrimination, is relegated to the 
“everything else” file in empirical research. 

Census data are adequate to identify 
government’s role in changing black-white 
earnings ratios if one is interested only in 
the direct effects on those employed by the 
federal government or in regulated in- 
dustries because industry of employment is 
known. Problems arise in identifying effects 
of government on wages in the private 
sector. The only method at our disposal was 
an indirect one—to focus on industries who 
supply products to governments. For direct 
employment, we include variables indicat- 
ing whether the individual is an employee of 
the federal government and whether he 
works in an industry that is regulated by the 
federal government. For those who neither 
work for the federal government nor work 
in regulated industries, two additional vari- 
ables are added. One represents purchases 
by the federal government as a fraction of 
value-added originating in the industry. The 
other is similarly defined for purchases of 
state and local governments. Executive 
Orders #11246 and #11375 require that 
large scale federal contractors comply with 
the 1964 legislation and establish “‘affirma- 
tive action” plans or risk losing their con- 
tracts. We felt that the implied threat of 
pressures on government contractors for 
affirmative action gave us our best chance 
to observe effects of this legislation. 

Adjusting for schooling, experience, and 
location, white 1970 federal employees earn 
5 to 8 percent more than others and this 
discrepancy doubles later in the work 
career. In 1970, the premium for black fed- 
eral workers was 10 to 15 percent greater 
than for whites, but this 1970 wage dif- 
ferential represented a 10 percent drop from 
that of 1960. In fact, the black-white wage 
ratio did not change for federal employees 
between 1960 and 1970. The decline relative 
to the private sector simply reflects the ap- 
proximately 10 percent increase achieved in 
the private sector.” 


20In our constrained estimates the variable for direct 
employment by the federal government is retained with 
race and race-year interaction, but year interaction is 
omitted. 
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The fraction of all workers employed by 
the federal government declined slightly be- 
tween 1960 and 1970. Although blacks are 
more likely than whites to be federal em- 
ployees, the proportion of blacks so em- 
ployed is falling relative to whites and the 
drop is most pronounced for younger work- 
ers. Employees of regulated industries earn 
10 to 12 percent more than those in the 
private sector.” Between 1960 and 1970 
black employment shares of these industries 
increased so that regulated industries con- 
tributed to rising earnings ratios. The re- 
gression coefficients for government’s shares 
of industrial products are very large. They 
predict for whites that earnings in this form 
of indirect government employment exceed 
those of the private sector by one-third to 
one-half. 

We estimated large wage differentials be- 
tween white employees of federal contrac- 
tors and those in the private sector. Where 
whites fare well, blacks appear to do even 
better. This conforms to our intuition of the 
effects of affirmative action. The rub is that 
in these industries implied black-white earn- 
ings ratios fall at an average annual rate of 
3 to 6 percent per year relative to the private 
sector (which was rising at about | percent 
per year). The accounting results suggest 
that none of the government employment 
variables has an appreciable effect, al- 
though the estimated impact of indirect 
government employment is negative and 
dominates effects estimated for direct em- 
ployment (also negative) and for employ- 
ment in regulated industries (positive). 

The Census data indicate that the effects 
of affirmative action during the 1960’s was 
probably small. Yet; we recognize that these 
data are far from ideal and we are unable to 
perform more exacting tests. For example, 
we did not know whether an individual was 
employed by a large scale government con- 
tractor. And, even if we did, we would want 
to know much more about the employing 
firm. How large is it? There should be scale 
economies since prosecution of a large em- 


21Employment in industries regulated by the federal 
government is included without race, year, or race-year 
interaction. 
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ployer affects more employees. Is it union- 
ized and, if so, what is the union’s attitude 
toward affirmative action? Is it growing, 
i.e. would increasing the proportion of 
minority employees require explicit dis- 
placement of others? And, most impor- 
tantly, how dependent is the firm on sales to 
governments? This final question includes | 
both the government’s share of sales and 
the alternatives available to the firm if the 
government were not to purchase its prod- 
uct. That is, we expect that defense con- 
tractors are much more dependent on gov- 
ernments than, say, are shoe manufacturers 
independently of the fraction of a firm’s: 
output of shoes the government happens to 
buy. The judgment on affirmative action will 
remain in doubt until these questions are 
answered. But when our results are matched 
with those of a number of studies” which 
consider changes in minority employment 
shares among federal contractors and con- 
sistently find only trivial effects, the im- ` 
pression is that the relatively dramatic in- 
creases in black earnings achieved during 
the 1960’s is not simply a product of gov- 
ernment action. Rather, the evidence is that 
the most dramatic increases in black rela- 
tive wages of the 1960’s were realized in the 
most private parts of the private economy. 


Kil. Accounting for Black-White 
Earnings Differentials 


In this section, we present our attempts 
to account for the black-white wage ratio as 
it existed in 1970, and for changes in the 
ratio between 1960 and 1970. Using our 
OLS regression estimates, the fog of the 
black-white wage ratio (R) may be ex- 
pressed as”? 


(5) InR = (xi = x3) bo + X: Ô; 


The first term on the right-hand side is the 
main effect of black-white mean character- 


22See Orley Ashenfelter and James Heckman, 
George Burman, Morris Goldstein and Robert Smith, 
and Heckman and Kenneth Wolpin. = 

23For the ratio R we have, using equation (1), in R = 
Yı — Yo = Xi By — x4 By + uy — u. The subscripts 
are: 1 = blacks, 1970; 2 = whites, 1970; 3 = blacks, 
1960; 4 = whites, 1960. Since 6; = Bı — Bz and bọ = 
b, equation (5) follows immediately. 
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TaBLE 5—BLacK-WHITE WEEKLY WAGE RATIOS: OBSERVED RATIOS WITH 
REGRESSION ACCOUNTING FOR DIFFERENTIALS, 1970 


Log of 
Years Observed 
Class and of Geographic Government Experience Weekly 
Work Experience Schooling Location Employment? Correction Total Residual Wage Ratio 
I: 1-5 
Main Effects —.175 — .052 — O11 O10 —.228 
Race Interaction —.49} .077 O13 — 401 
Total — .666 025 .002 .010 —.629 204 —~ 422 
II: 6-10 
Main Effects —.137 —,039 —.010 003 —.183 
Race Interaction —.186 .031 005 —.150 
Total’ —.323 — .008 — .005 O10 —.333 —.107 ~ 439 
III: 11-15 ; 
Main Effects —.123 ~ 037 ~ OL! 00! 170 
Race Interaction —.154 — .008 .008 ~- 154 
Total — 277 —.045 — 003 O01 —.324 — 157 — 48} 
IV: 16-20 
Main Effects 127 ~ 038 ~.009 000 —.174 \ 
Race Interaction ~ 185 — 027 O19 ~— 193 
Total —.312 —.065 O10 .000 — 367 {23 ~ 49] 
V: 21-30 
Main Effects —.131 — 029 — 008 000 ~ 168 
Race Interaction —,242 —.068 .020 — 290 à 
Total — .373 —.097 O12 000 ~- 458 — 046 - 503 
VI: 31-40 
Main Effects —.139 — 033 — .006 —,001 ~ 179 
© Race Interaction —.178 —.049 030 — 197 
Total 317 — .082 024 — 001 ~ .376 ~— 137 — 512 
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istic differences, weighted by white param- 
eter values, and the second term adjusts for 
race parameter interaction.” The change in 
the ratio between 1960 and 1970 is written 
as 


(6) AlnR = [x — x2)’ — (x3 — X4)'] bo 
+ (xi = X) ĝi — (x3 — x4) ô2 — X36 


The main effects of 1960-70 changes in 
characteristic differences evaluated at 1970 
white parameter values is measured by the 
first term. The second adjusts for race inter- 
action, the third for year interaction, and 
the fourth for race-year interaction. 

In addition to the schooling and govern- 


24The relative weight given to characteristic dif- 
ferences and coefficient differences is somewhat arbi- 
trary. Characteristic differences could just as easily 
have been weighted by black coefficients if coefficient 
differences were weighted by white characteristics. This 
would have reduced the size of the first term relative 
to the second. 


ment variables described above we have in- 
cluded binary variables indicating residence 
for the South, North Central, and West 
regions. Dummy variables are included if 
the individual resides in a SMSA and if the 
residence is within a central city of an 
SMSA. A variable is also included measur- 
ing years in current residence to approxi- 
mate recency of migration. The remaining 
class of variables describes a quadratic in 
years of work experience. 

Table 5 summarizes our regression esti- 
mates of factors contributing to black-white 


-earnings differentials as of 1970. In all cases, 


schooling accounts for the largest part of 
the black-white differential. Except for the 
first experience class, the schooling effect is 
approximately equally divided between the 
main effect of lower grade school coeffi- 
cients for blacks. For example, in the class 
with l-5 years of work experience, the co- 
efficient, —.175, indicates that when 
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L] 
TABLE 6—AVERAGE ANNUAL PERCENTAGE INCREASE IN BLACK-WHITE WEEKLY WAGE RATIOS, 
1960-70: ACCOUNTING ACCORDING TO REGRESSION ESTIMATES BY WORK EXPERIENCE CLASS 


Class and 
Work Experience Schooling Location 


I: 1-5 


Main Effects 31 ~ 00 03 
Interaction: 
Race ~ 40 EL 
Year ~ 22 -- 02 
Race x Year 1.02 
Total 29 iii .03 
II: 6-10 
Main Effects .76 10 01 
Interaction: 
Race — 19 12 
Year — .07 05 
Race x Year l 50 
Total 50 77 Oi 
Til; 11-15 
Main Effects -40 63 Of 
Interaction: 
Race — 20 10 
Year — .07 .05 
Race x Year 23 
Total 13 Ai Ol 
IV: 16-20 
_ Main Effects 23 .04 —.00 
Interaction: 
Race —.26 14 
Year — .09 — 04 
Race x Year 
Total —.12 14 — 00 
V: 21-30 
Main Effects 46 .06 .60 
Interaction: 
Race — .4§ 18 
Year —.03 .00 
Race x Year 
Total — 02 24 00 
VE 31-40 
Main Effects 13 OS — Qİ 
Interaction: 
Race — 34 15 
Year — 05 — 00 
Race x Year 
Total — .26 20 Ot 


Years of Geographic Experience 
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Government Observed 
Correction Subtotal Employment? Total Residual Increase 
94 AZ 1.06 
--.29 .03 —.26 
—.24 —.24 
1.02 —.3] 71 
1.43 —.16 127 96 2.25 
87 05 . 92 
— 07 —O1 —,08 
~ 02 — 02 
.50 ~.2) 29 
1.28 —.17 LH .62 1.73 
44 —.01 A3 
~ 10 —.0i —.1] 
~ 02 —~ 02 
23 —.23 .00 
55 —.25 .30 715 1.06 
27 —.00 27 
—.12 .00 ~.12 
—.13 —,13 
.00 —.33 —.33 
02 —.33 ~.31 1,08 0.75 
52 — 02 .50 
—,27 02 ~.25 
— 03 ~.03 
.60 —.34 ~.34 
22 — 34 ~.12 81 0.70 
17 Ol 18 
—.19 03 ~ 16 
—.05 —.05 
.00 — .30 —.30 ` 
—.07 —.26 — 33 1.02 0.68 
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weighted by schooling coefficients for 
whites, the black-white difference in average 
schooling is large enough to predict black 
wages (approximately) 17.5 percent below 
whites. The —.49 is an adjustment for the 
lower returns blacks gain from schooling.” 
25This rather large racial interaction effect must be 


considered quite tentative since we find it sensitive to 
model specification. 


Even after adjusting for education, ex- 
perience, and government employment, re- 
gional differences in black-white earnings 
persist. Three characteristics—southern, 
central city, and metropolitan resident— 


dominate the geographic accounting in ex- | 


plaining black-white 1970 wage ratios. The 
southern black wages are the single most 
important locational source of low black 
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relative wages. In the South, white male 
wages are 8 to 13 percent below those of the 
Northeast, while black wages in the South 
range from 15 to 30 percent lower than for 
blacks in the Northeast.** Southern resi- 
dence reduces the black-white wage ratio 
from 3 to 13 percent. This differential grows 
monotonically with experience and mainly 
reflects differen: coefficients rather than 
residence patterns. Declining wage ratios 
with experience can be attributed either to 
cohort or life cycle factors and the South 
may differ from the rest of the country in 
both. An interpretation that appeals to us is 
that there are differential vintage effects 
favoring black southern males for the post- 
World War II labor market entrants.” An 
alternative explanation is that the presum- 
ably more intense discrimination in the 
South takes the form of restricting blacks 
from occupations that have rising career 
wage profiles. 

The net effect of all the locational vari- 
ables is small in the first two experience in- 
tervals. In the 11+ experience groups, black 
wages range from 4 to 9 percent lower be- 
cause of their locational distribution. The 
detrimental effect of predominately south- 
ern residence is simply much more pro- 
nounced for older workers. 

As discussed above, the role of govern- 
ment is small. In 1970, the set of govern- 
ment variables should have actually pro- 
duced black incomes slightly higher than 
those of whites. The main effect caused by 
different employment patterns is negative 


26The disparities among the other three regions are 
less pronounced. In the North Central region for all 
classes with at least 10 years of experience blacks and 
whites receive wages 3 to 5 percent higher than the 
Northeast benchmark. For North Central workers 
with less than 10 vears experience, black wages were 
higher in 1960 than blacks in the Northeast, but no 
white wage differentials existed between those two 
regions. Apparently, black-white earnings ratios in- 
creased in both the South and North Central regions 
relative to other areas, Our estimates suggest that earn- 
ings of all persons in zhe West fell (from 1.4 to 10 per- 
cent) between 1960 and 1970 relative to wages in other 
regions. 

27 Although we rejected year interaction for all ex- 
perience classes, race-year interaction existed for the 
three classes with 15 or less years of experience. 
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but quite small. The fact that blacks earn 
more than whites in the federal government 
and in industries dealing with the govern- 
ment produces the net positive effect. 

Table 6 contains our summary account- 
ing for 1960-70 changes in wage ratios. A 
comparison of Tables 5 and 6 illustrates 
that one must be careful to distinguish be- 
tween those factors producing wage dif- 
ferentials at a moment in time and those 
that cause changes over time. The main 
effects in Table 6 measure that part of the 
growth in black-white wage ratios due to 
contraction or expansion over the decade in 
black-white differences in characteristics 
(valued at 1970 white parameter values). 
The other three terms capture the impact of 
differential payments for the same char- 
acteristics. If blacks earn less than whites 
for any attribute, the ratio of black to white 
earnings will decline if this attribute grows 
secularly. Similarly, the year effect proxies 
premiums by year. If 1970 was a good year 
relative to 1960, those individuals with 
larger amounts of attributes will gain more 
from the increased ‘“‘price.” Finally, the 
race-year term is an index of any differential 
payments blacks received in 1960 relative to 
1970 (above the white change between the 
decade). If such premiums were eliminated 
over the decade, the black-white wage ratio 
would fall. 

The main effects, those based on changes 
in characteristic differences, consistently 
predict rapidly rising wage ratios with 
schooling playing the leading role. The 
most rapid increases in schooling occurred 
in the earlier decades of this century and 
are therefore more important for those with 
more work experience, but there are still 
sizable increases especially for blacks.” This 
large direct effect of schooling is negated 


28The rise in average school completion levels be- 
tween 1960 and 1970 is as follows: 


Blacks Whites 
Experience class: 1-5 My 55 
6-10 1.1 30 
1i-15 1.51 16 
16-20 1.60 1.02 
21-30 1.87 98 
31-40 1.52 1:22 


~*~, 
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somewhat by two factors: the lower coeffi- 
cients on black elementary schooling that 
reduced black relative wages as school com- 
pletion levels rose both for blacks and 
whites, and the 1970 increase in the returns 
to college where black-white completion 
levels are high relative to 1960. 

Locational effects for those with the least 
experience are dominated by race-year 
interaction—increased black-white wage 
ratios rather than a relative movement of 
blacks toward high wage areas. This is 
mainly a result of rising black earnings in 
the South and North Central regions be- 
tween 1960 and 1970. 

In sum, our accounting results for sys- 
tematic determinants of changes in black- 
white ratios are: 

1) Geographic location has the largest 
and most favorable effect of factors ex- 
amined here. Locational effects are dom- 
inated by changed earnings ratios within 
regions and migration seems of secondary 
importance. 

2) Schooling’s role is ambiguous. 
Black and white completion levels are con- 
verging, but returns to grade schooling are 
less for blacks than whites. For the first 
three experience classes, with 15 or less 
years of experience, the effect of converging 
levels is dominant and schooling seems an 
important source of growth in relative black 
income. For those with more than 15 years 
of experience changed patterns of school 
completion between the 1960 and 1970 
cohorts result in predictions of falling rela- 
tive wages for blacks. Black schooling 
gains, as measured by increases in number 
of years, exceed those of whites, but be- 
cause of differences in returns, the value of 
the increased schooling of whites (as a pro- 
portion of wages) exceeds the estimated 
value of the increased schooling for blacks. 
Relative wages are higher for blacks who 
are either employed directly by the federal 
government or are employed in industries 
selling a disproportionate part of their 
product to governments, but the progovern- 
ment industrial discrepancy deteriorated 
during the 1960’s and we think the catching 
up by the private sector is reason for opti- 
mism. 
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IV. Conclusion 7 

We feel the data summarized offer a 
mildly optimistic picture for the future 
course of black relative wages. First, the 
most pronounced gains in earnings ratios 
are associated with increased schooling 
levels, and black school compietion con- 
tinues to rise relative to white levels. Sec- 
ondly, younger cohorts fare better than 
their older peers. Whatever the cause of the 
intercohort differentials exhibited in 1970, if 
the experience of the 1960’s is a basis for 
prediction, wage ratios within cohorts will 
not decline as time passes, at least, not by 
very much. Viewed from the historical per- 
spective of relatively constant or deteriorat- 
ing black-white wages, the experience of the 
1960’s is encouraging. It is still important 
to note that although the patterns of gains 
found between 1960 and 1970 suggest that 
earnings will rise for blacks relative to 
whites, the rate of increase is likely to be 
slow. Among those in the work force both 
in 1960 and 1970, black relative earnings 
increased from 0.57 to 0.62. The aggregate 
ratio in 1970 is roughly 0.64 when the 
higher earnings of new entrants are taken 
into account. If the most optimistic view is 
taken and the relative black wage of new’ 
entrants changes by the same amount (11.8) 
in each new decade as it did between 1960 
and 1970 and if the within-cohort growth 
continues at .04, we will have to wait until 
the Census of 2000 before parity for new 
entrants is achieved. Full racial parity 
would take another 40 years so that few of 
us will be alive to see it. Since the. improve- 
ment in the 1960’s was exaggerated by the 
business cycle gains, racial income equality 
will probably take a good deal longer and 
could easily be partly nullified fer brief pe- 
riods by a 2 or 3 percentage point increase 
in the unemployment rate. 
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Tax Credits for Employment 
Rather Than Investment 


By JONATHAN R. KESSELMAN, SAMUEL H. WILLIAMSON, 
AND ERNST R. BERNDT* 


Over the last generation, the theory and 
policy of fiscal stabilization have followed 
closely the Keynesian macroeconomics 
which motivated them. From Keynes’ origi- 
nal formulation down to contemporary 
textbooks, there has been a mechanical link 
between aggregate demand, output, and 
employment. Fiscal policy has been viewed 
as a means of expanding aggregate demand; 
tax incentives for investment merely con- 
centrate additional demand in the capital 
goods sector. Any substitution between 
capital and labor, while present in neoclas- 
sical macro growth models, has typically 
been neglected in models of short-run in- 
come determination. 

Substitution towards labor by policy- 
induced changes in the wage-rental ratio 
has virtually been ignored in discussions of 
fiscal stabilization. Yet, the implications of 
‘tax incentives for capital formation have 
been analyzed extensively within a neoclas- 
sical framework. This paper will explore the 
relative employment and investment im- 
pacts of alternative credits in the corporate 
income tax, assuming input supplies to be 
perfectly elastic. An explicit treatment of 
the relative unemployment effects is not 
provided here, since it would require the 
consideration of supply factors such as 
labor force participation decisions.’ 

Two job-related policy proposals will be 


*University of British Columbia; University of 
Iowa; University of British Columbia. We gratefully 
acknowledge research assistance by John Lester; help- 
ful comments by the managing editor, a referee, G. 
Christopher Archibald, Michael Barth, Daniel Hamer- 
mesh, A. Milton Moore, and David Rose; and financial 
support by the UBC Institute of Industrial Relations 
and the University of Wisconsin Institute for Research 
on Poverty. Opinions expressed are our own. 

See Gary Fethke and Samuel Williamson (1976a, b) 
for the analysis of a modei with imperfectly elastic 
supply of labor and unemployment. 
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analyzed—an employment tax credit (ETC) 
and a marginal employment tax credit 
(METC). Somewhat analogous to an in- 
vestment tax credit (ITC), the ETC would 
affect the price of labor and might assist in 
stabilizing the economy. The METC de- 
parts somewhat from the conventional 
theory of the firm and therefore will receive 
close theoretical treatment. The analysis, 
will focus on the factor-substitution effects 
of the policies and abstract from their ex- 
pansionary effects on income. Our empiri- 
cal analysis will contrast ETC and ITC ef- ` 
fects for the aggregate manufacturing sector 
of the U.S. economy between 1962 and 
1971. The policy alternatives explored here 
will be set equal in tax revenue cost to the 
investment incentives. 


I. Background of Employment Tax Credits 


A. Theoretical and Historical Precedents 


Employment tax credits have been ad- 
vocated previously under the labels ‘‘em- 
ployment subsidies” and “‘wage subsidies.” 
Most of these proposals have been re- 
stricted to the employment of a particular 
category of worker. With a wage rigidity in 
the affected region or sector, wage subsidi- 
zation has been proven superior to capital 
or output subsidization (see George Borts; 
Truls Lind and Jan Serck-Hanssen) or to 
tariff protection (see Jagdish Bhagwati and 
Vangal Ramaswami). Wage subsidies have 
been analyzed in a number of contexts: 
1) depressed regions of a developed country 
(see James Buchanan and John Moes; Borts 
and Jerome Stein); 2) urban sectors of a, 
developing country (see Everett Hagen); 
3) income maintenance (see Jonathan Kes- 
selman 1969); and 4) job training of low- 
wage workers (see Daniel Hamermesh). 

Variants of the ETC have been directed 
toward specific sectoral, regional, or demo- 
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sraphic groups of workers. In Britain, the 
Regional Employment Premium and Selec- 
ive Employment Tax provided labor incen- 
ives by location and industry, respectively. 
Regional ETCs including policies which 
‘eward firms for raising employment levels 
1ave been adopted in Italy, Sweden, Fin- 
and, and Germany (see Gösta Rehn). In 
he United States, ETCs with a strong 
raining incentive have been enacted under 
lob Opportunities in the Business Sector, 
AFDC Work Incentive Program, and in 
New York City in the Training Incentive 
2ayments Program. Categorical programs 
nduce firms to substitute eligible types or 
ocations of workers for ineligible ones. 
Their net effect cn economywide employ- 
nent is thereby muted (see Montek Ahlu- 
valia). Indirect evidence has been found on 
‘mployment shifting under the AFDC- 
WIN categorical ETC (see Peter Greenston 
ind Duncan MacRae). 

In contrast to the categorical approach 
vhich allows substitution among categories 
of labor, an overall employment increase is 
acilitated by universal coverage. Also, the 
iniversal approach avoids contentious po- 
itical and equity issues that arise with the 
imitation of eligible groups. A form of 
iniversal ETC was originally proposed in 
936 by Nicholas Kaldor in a seemingly 
orgotten paper. Kaldor demonstrated that 
in ETC is the mest preferred policy for re- 
lucing unemployment under a set of plaus- 
ble assumptions. A macro-oriented ETC 
‘concept was further explored by Ragnar 
“risch in 1949. In 1977 ETCs have become 
he “new” fiscal tool of the Carter Adminis- 
ration and the U.S. Congress. The Admin- 
stration proposed an ETC, while Congress 
ettled on an METC. 


B. Formulation of ETC 


An ETC offers the firm a tax credit pro- 
xortional to some measure of its employ- 
nent. One type of ETC would provide a 
redit equal to a specified amount per man- 
iour employed.” This ETC would lower the 


2We shall treat the subsidy rate on man-hours or 
vage bill directly, rather than indirectly through the 
ax-credit rate. The two are related through the rate 
f corporate income taxation, 
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price of labor to the firm and would also 
lower the price of unskilled labor relative 
to skilled labor. Whether the skilled or the 
unskilled group gains more of the induced 
employment depends on the relevant own- 
and cross-price elasticities of demand. An 
alternative type of ETC would provide a 
credit equal to a specified percentage of 
wage bill of the firm.’ Since this type of ETC 
does not change the relative wage rates of 
the various skill groups, it is more neutral 
occupationally than the amount per man- 
hour credit. The percent-of-wage bill ap- 
proach could be administered with cur- 
rently reported tax return or social insurance 
data.* The amount-per-man-hour approach 
would demand the collection of additional 
information. 

One way to achieve greater employment 
stimulus with the same tax revenues fore- 
gone by an ETC would be to channel cred- 
its to firms for increasing employment. 
Such a formulation will be called a marginal 
employment tax credit (WETC). Either an 
amount per man-hour or a percent of wage 
bill could be applied to the firm’s employ- 
ment increase above a specified base. The 
firm’s base—in man-hours or wage bill— 
could be defined as a percentage of last 
year’s or as a more complex function of 
previous years’ magnitudes. The METC 
parallels an ZTC more closely than does the 
ETC. Both the METC and the ITC sub- 
sidize new purchases of the subsidized in- 
put. An asymmetry arises because all units 
of labor are hired each period, whereas only 
part of the firm’s capital stock is newly pur- 
chased, Thus, investment flow (net of re- 
placement purchases) is analogous to mar- 


3This approach has been called a wage-bill subsidy 
(see Neil Weiner, Robert Lamson, and Henry Peskin). 
In a third approach called a wage-rate subsidy (see 
Kesselman, 1969), the firm’s credit is proportional to 
man-hours but inversely related to wage rates, This 
method has stronger incentives to employ low skill 
workers, but, since it requires man-hour records by 
wage-rate class, is more difficult to administer. 

4Temporary reduction or elimination of the em- 
ployer contribution to Social Security could provide 
a convenient way to implement an ETC. However, 
to the extent that employers’ contributions are shifted 
onto workers, the efficacy of an ETC would be 
weakened. 
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ginal or additional employment by the 
firm.’ 

The METC rewards the firm when its 
employment expands irrespective of the 
cause for expansion. A similar but less 
severe procyclical tendency accompanies an 
ETC. Discretionary applications of an ETC 
or METC could reverse the procyclical ef- 
fect. Alternatively, the base or the tax-credit 
rate could be linked by formula to an ag- 
gregate measure of economic utilization, 
such as the unemployment rate. The ITC 
has had a history of discretionary applica- 
tion and removal, and it is likely that an 
ETC would be applied in a similar way. 

Problems of program definition would 
accompany an ETC or METC policy. For 
example, an METC might offer incentives 
for mergers or fictitious reorganizations 
of firms. Well-designed rules are needed to 
avoid such undesirable reactions. A firm 
acquiring another preexisting operation 
might be required to include its previous 
employment (or wage bill) in its own base 
calculations. In general, though, the mea- 
surement of work hours and wage bill is 
simpler than the measurement of invest- 
ment—especially when the latter needs to 
be differentiated by equipment and struc- 
tures. For this reason, the problems of 
program definition may not be as severe as 
those accompanying investment tax in- 
centives. 


H. Theoretical Analysis 


The response of a representative firm to 
employment tax credits can be analyzed in 
a comparative statics framework. While this 
may strain the relevance to very short-run 
stabilization policies, it likely captures the 
equilibrium effects of a sustained policy.® 
This approach is also essential in the analy- 
sis of investment incentives, where capital 
adjustments are assumed to occur. We as- 


5See William White for discussion of a marginal in- 
vestment tax credit. 

6The work of M. Ishaq Nadiri and Sherwin Rosen 
suggests that firms adjust their labor inputs more 


> quickly than their capital inputs. This finding suggests 


that the ETC policies may be preferable to /TC 
policies for short-run stabilization. 


` KESSELMAN ET AL.: TAX CREDITS FOR EMPLOYMENT 34] 


sume technology of the firm to be homo- 
thetic with positive marginal products and 
strictly convex isoquants. Because the firm 
is assumed eventually to encounter dis- 
economies of scale, its resulting long-run 
average cost curve is U-shaped. The firm 
is assumed to be cost minimizing and to 
face perfectly elastic input supplies. 

Analysis of the firm’s response to an 
ETC is straightforward. After an exogenous 
change in effective input prices, the firm 
chooses a new cost-minimizing mix of in- 
puts for the given output. It follows that 
average cost net of the credits must be lower 
in the presence of an ETC. Neoclassical 
analysis of the ITC follows a similar pro- 
cedure. 

Unlike the case of the ETC, the firm will 
not always find it advantageous to accept 
the METC.’ Clearly, a firm will accept the 
METC if its employment without the credit 
available would have exceeded its current 
base. The firm may also accept the METC 
if its employment without the credit would 
have been less than the base. If the base is 
sufficiently large, the firm will not accept 
the METC. We illustrate the conditions for 
this to occur with a two-input case; an ex- 
tension to multiple inputs is straightforward. 

In Figure |, assume that the firm wishes 
to produce on isoquant V* at minimum 
cost. Without loss of generality, costs can 
be measured in units of capital (K). Assume 
that CoD is an isocost curve reflecting the 
market prices of the inputs. The steeper 
curve EF reflects the changed input price 
ratio on marginal units of labor (Z) receiv- 
ing the METC subsidy. In particular, EF 
has been constructed tangent to isoquant 
V* at S, The intersection of EF and CoD at 
point Jy defines the base Zp) at which the 
firm will be indifferent to the METC. That 
is, the kinked schedule Colo F defines an iso- 
cost curve for the firm under the METC, 
and it can produce output V* at a cost of 
Co with or without the credit. With a base 
of Z,, less than Zp, it will minimize its net 
production costs C, by taking the METC 


~ The overtime wage subsidy contains analogous 
issues for a worker’s supply behavior under a convex 
budget constraint (see Kesselman, 1971). 
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and producing with the input mix of point 
S. In that case, an isocost curve is schedule 
C, F. With a base of Z,, greater than Zo, 
the firm will minimize production costs Co, 
reject the METC, and produce with the in- 
put mix at point R. 

The first-order conditions for cost mini- 
mization are that the firm’s choice of inputs 
will equate relative marginal factor prices 
with relative marginal physical products. 
Under an METC the marginal factor price 
for labor has two possible values. A lower 
price applies to units of labor exceeding the 
firm’s current employment base, which are 
subsidized, while the higher market price 
must be paid on labor units below the base. 
An alternative input criterion would equate 
relative average factor prices with relative 
marginal physical products. This, however, 
would not be consistent with cost mini- 
mization in the presence of an METC. It is 
noted that with an JTC a potential diver- 
_ gence between average and marginal prices 
of capital exists. This problem has tradi- 
tionally been finessed by positing the exis- 
tence of an active rental market for capital 
services (see Robert Hall and Dale Jorgen- 
sen). 

We now compare the firm’s cost curves 
in the absence and presence of the METC. 
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All curves assume full adjustment of inputs 4 


and thus represent long-run cost curves. 
Define the firm’s gross cost of inputs at 
market prices and its net cost as gross cost 
minus the METC transfers. Define average 
cost (AC) and average net cost (ANC) ac- 
cordingly. Given an output V* with the 
base Zo selected so as to make the firm in- 
different to acceptance of the METC, the 
AC must equal ANC at that output. For 
output levels exceeding V*, ANC must lie 
below AC; a proof is straightforward. Be- 
cause of scale diseconomies at the firm 
level, the ANC curve is also assumed to be 
U-shaped.* The minimum costs on the AC 
and ANC curves are denoted P’ and P'', 
respectively. The associated firm output 
levels are V’ and V''. These relations are 
seen in Figures 2 and 3. 

Before proceeding with the analysis of 
the firm’s cost curves, it is helpful to turn to 
the product market. Price competition and 
the associated adjustment of inputs and 
entry or exit of firms will drive price to the 


lower of P’ and P’’. If P” is less than P’, - 


the METC will be accepted; otherwise it 
will be rejected.? With either of these deci- 
sions, scale of the individual firm is deter- 
minate.’® Output price and the market de- 
mand schedule determine the industry 
aggregate sales. Hence, the number of firms 
in the industry is also determinate. 

The first case to be distinguished appears 
in Figure 2. Here the AC and ANC curves 
cross at quantity V *—-which is less than V”. 
This case reflects directly the choice of the 
employment base as well as the nature of 
production technology. Since to the right of 
V* the ANC curve must lie below the AC 
curve, P'' is lower than P’. The firm will 

8The depiction of ANC to the left of V* represents 
a range of output for which the credit would be re- 
jected. Also note that the ANC schedule does not 
exist for sufficiently small output levels, for any given 
positive employment base. 

9This rule further requires that the condition 
P' > P” must imply the firws employment exceeds 
its base. For a proof that this holds, see Berndt, 
Kesselman, and Williamson. 


10The assumption of constant returns to scale at the 
firm level would lead to indeterminancy of firm size 


and other conceptual difficulties in the present con- ` 


text. See Berndt, Kesselman, and Williamson. 
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consequently accept the METC. The 
ETC is merely a special subcase in which 
ANC falls everywhere below AC. It is easily 
established that V’’ exceeds V’, since the 
depressing effect of the METC on marginal 
cost effects an additional degree of scale 
diseconomy. Thus, acceptance of the 
METC will expand firm size. The number 
of firms in the industry will decline unless 
demand is augmented sufficiently through 
the fall in output price and other macro- 
expansionary effects of the policy. 

Another set of possibilities arises when 
a larger employment base is selected, so 
that AC and ANC cross to the right of V”. 
In this range AC is now rising while ANC is 
still falling. If scale diseconomies are suf- 
ficiently strong, then ANC will never fall as 
low as P’. In this case, P exceeds P’ and 


p 
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the METC is rejected, as illustrated in 
Figure 3."' It is, of course, possible ‘that 
scale diseconomies are not this strong, so 
that the METC is accepted. 

A final case is the outcome of P’ and P'' 
equal, which is assigned to rejection of the ° 
credit. This captures the effect of a higher 
employment on future years’ base levels of 
the firm. Other than this borderline case, 
any dynamic maximizing behavior of the 
firm is neglected here. When the firm ac- 
cepts the METC in any given year, it does 
not reckon the impact on future years’ 
credits via its employment base. Such be- 
havior is rational in the presence of uncer- 
tainty about and discounting of future 
events and generous carry-over provisions 
for unutilized credits. 

All input supply functions have been as- 
sumed to be perfectly elastic. Further, ex- 
ternal economies and diseconomies are as- 
sumed not to exist for firms within the 
industry. The result is a constant-cost in- 
dustry with horizontal supply curve at price 
P’ or P'', depending upon acceptance of 
the METC. Despite the scale diseconomies 
which arise at the firm level, it is not incon- 
sistent to characterize technology of the 
aggregate industry as constant returns to 
scale. 


III. Estimation and Simulation 


Any practical assessment of alternative 
tax policies for employment and investment 
depends crucially upon the relazive magni- 
tudes of their effects. A framework is now 
developed for simulating the economic ef- 
fects of ETC and METC policies. Invest- 
ment tax incentives are treated in the same 
framework. For the industry we choose the 
manufacturing sector of the U.S. economy, 
which accounts for roughly one-quarter of 
national output. The period 1962 to 1971 
is chosen because investment tax credits 


1\We abstract from the adjustment costs of rapid 
expansion and the effects on the firm’s employment 
base in future years—-either of which could induce re- 
jection of the METC. Note that if the AYETC base is a 
constant, the firm can approach its input choice as a 
static optimization problem. The ETC is a special case 
of this, with base equal to zero. 
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were introduced in 1962 and suitable data 
are available.” 

It would be desirable for the empirical 
model to incorporate lags in firms’ adjust- 
ments to desired input levels. Such a pro- 
cedure involves problems of consistent 
specification; for example, with given out- 
put, restrictions must be imposed on the 
parameters of the adjustment process. 
Another problem involves data construc- 
tion. Conventional capital rental service 
price formulae are based on the equality in 
equilibrium between the price of a durable 
good and the discounted value of its ser- 
vices. In addition, the shadow cost of capi- 
tal will likely depend on the path of dis- 
equilibrium. For these reasons we assume 
instantaneous adjustment of input demands 
to their desired levels. Our simulation re- 
sults must therefore be interpreted as equi- 
librium values. 

Technology in the U.S. manufacturing 
sector is assumed to correspond to a twice- 
differentiable production function with 
constant returns to scale. The three inputs 
entering the production process are pro- 
duction workers {B for blue collar), non- 
production workers (W for white collar), 
and physical capital (K). Corresponding to 
such a production function there exists a 
cost function. 

We choose to estimate a cost function 
rather than a production function for two 
reasons. With the cost function input prices 
are right-hand variables, while with the 
production function input quantities are 
regressors. It is more reasonable to assume 
that prices rather than quantities are exoge- 
nous; with the cost function, conventional 
nonsimultaneous equation estimation tech- 
niques can be used. Furthermore, the set of 
derived demand equations used in our 
simulations is more easily solved with the 
cost function. 


12A discussion of data sources appears in Berndt 
and Christensen. We are grateful to the Office of Pro- 
ductivity Analysis, U.S. Bureau of Labor Statistics, and 
to Laurits Christensen and Dale Jorgensen for fur- 
nishing us with updated data to 1971. The revised and 
updated data are in Berndt, Kesselman, and William- 
son. 
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The form of the cost function is specified 
as translog:” 


(1) InP = inas + >, alnP, 


ae 5 > yşlnP;lnP, 
ioj 
ý ij = B,W,K 


where P is price of output, the P, are input 
prices, and y; = Ya. Assuming zero profits, 
linear homogeneity in prices, and that input 
prices are given, we obtain the derived de- 
mand equations 

>, O@lnP PX; 

(2) mP PV = a; + È yin? 


i,j = B,W,K 


where X; is quantity of the ith input, V is 
output quantity, 


2, % = land’, yy =D) yy = 0 
i i J 


The output price frontier equation (l) 
and the derived demand equations (2) are 
estimated by maximum likelihood.“ Based 
on these parameter estimates, we compute 
Allen partial elasticities of substitution 
(c) and own-price elasticities (¢,;).'° The 
elasticity estimates are quite stable over the 
sample period. For 1971, the elasticity esti- 
mates are .485(ogy), 1.277(ogx), —.477(owx), 
— .338(esp), —.192(eww), and —.533(exx). 

The elasticity estimates are of interest in 
their own right. First, we find that capital 
and white collar workers are complements, 
while blue collar workers and capital are 
substitutes. The two types of laborers are 
also mildly substitutable. An implication 


3For further details of the translog cost function 
and estimation procedures, see Berndt and David 
Wood. 

l4The parameter estimates (asymptotic t-ratios) are 
as follows: Inag, 4.308 (535.94); ag, 6.28 (36.20); 
ay, -076 (5.04); ag, .296 (44.09); Ypg, .067 (1.18); 
¥ aw, — -088 (1.79); Y gx, -021 (2.12); Y wy, -156 (3.59); 
Ywr, —-068 (-—8.54; ygg, .046 (14.66). The mono- 
tonicity and curvature conditions are satisfied at each 
observation. 

15An extended set of elasticity estimates appears in 
Berndt, Kesselman, and Williamson. 

16These results differ in magnitude from those re- 
ported in Berndt and Christensen but agree in sign. 
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TABLE 1—-SIMULATED EFFECTS OF ELIMINATING ITC 
(percentage changes) 


1962 1.799 .298 .367 


Year AP, AP AB 

1965 6.978 1.133 1.398 
1968 8.046 1.269 1.575 
1971 5.261 .743 .948 


AW AK ALB + W) 
—.131 — .985 231 
— 482 — 3.674 890 ` 
— 538 —4,182 1.000 
— 349 —2.701 570 


Note: A denotes a percentage change of a variable from its simulated value (Ê, Ê, W, and Å jor from its histor- 
ical value (Pp, Py, Px, and V); P is the index of output price and V is the index of real output. Variables B, W, 
and K are quantities of blue collar labor, white collar labor, and capital inputs, while the respectively subscripted 
P variables are their net-of-subsidy prices. In these simulations A Pp = AP y = 0, 


of these estimates is that investment incen- 
tives which lower Pg will induce greater 
demand for W and reduce demand for B, 
given the level of output. Thus investment 
incentives favor white collar workers and 
adversely affect blue collar workers. 

A check on the reliability of the model is 


undertaken for the observed period. Based - 


on the parameter estimates, we predict the 
price of output (P) by taking the expo- 
nential of (1); we predict derived demands 
by forming X; = (PV/P,)(@ + DjvylnP), 
i = B,W,K. The predicted series are then 
compared with the historical data. The 
mean absolute percentage errors are .01 for 
P, .83 for Ê, .90 for W, and 1.36 for K. We 
conclude that the estimated model simu- 
lates the historical period with reasonable 
accuracy. 


IV. Policy Experiments 
A. Investment Tax Credits 


The relative effects of ITC, ETC, and 
METC policies can be illustrated through 
a series of simulations. We first determine 
the effects of removing certain investment 
tax incentives during 1962 and 1971, A new 
Px is computed assuming that there were no 
investment tax credits or increases in depre- 
ciation allowance provisions since 1961. 
From here on, we denote these investment 
incentives by /7C. Given the new Px along 
with the historical Pg, Pw, and V, we solve 


The differences can be attributed to their alternative 
set of estimating equations (based on a translog pro- 
duction function) . and a different time period 
(1929-68). 


for P, B, W, and K. The estimated tax rev- 
enue gain from eliminating the ZTC aver- 
aged $875 million per year over 1962 to 
1971." Accelerated depreciation provisions 
initiated prior to 1962 are not considered 
here, although they carry larger costs in tax 
revenue. In the simulation results reported 
below, we do not take account of any in- 
duced multiplier effects on output demand 
and factor requirements. Replacement of 
the ITC with an equal cost ETC or METC 
is unlikely to have multiplier effects unless 
distributional effects arise. 

The results of eliminating the /TC for 
four selected years in the pericd 1962 to 
1971, while holding output constant, appear 
in Table 1. Total man-hours of labor em- 
ployed {B + W) would have been about 
0.7 percent higher over the period. Employ- 
ment of blue collar workers B would have 
been about 1.1 percent higher, while em- 
ployment of white-collar workers W would 
have fallen about 0.3 percent. Use of capital 
services K would have decreased about 3 
percent, but because of its relatively inelas- 
tic demand the income to capital would 
have been more than 2 percent higher. The 
price of output would have been about 0.8 
percent higher. If price elasticity of demand 
for output (7) is assumed to be unitary, 
output would have been lower without the 
investment incentives (—.297, ~1.120, 
~ 1.253, and —.738 percent in 1962, 1965, 


\7Depreciation allowance provisions were changed 
in 1964 and 1971, and an ZTC was introduced in 1962. 
Our new P g series follows the procedure employed by 
Hall and Jorgensen. Further details appear in the ap- 
pendix of Berndt, Kesselman, and Williamson. 
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TABLE 2—SIMULATED EFFECTS OF AN EQUAL Cost ETC or METC 
(percentage changes) 


Year APg APy AP 
Case 1: » = 0, amount per man-hour ETC 
1962 — 200 ~~ 147 ~— 152 
1965 ~ 815 — 578 —.619 
1968 ~ 824 ~ 572 — .624 
1971 - = 661 — .456 — 504 
Case 2: y = 0, percent of wage bill ETC 
1962 — 182 — 182 — 152 
1965 — .735 ~ .735 —.619 
1968 737 ~ .737 — 624 
' 197) ~ 585 ~ 585 — 504 
Case 3: ņ = 0, u = .5, percent of wage bill METC 
1962 ~~ 337 377 —.152 
1965 — 1.366 — 1.366 — 634 
1968 — 1.350 — 1,350 — 656 
1971 —1.144 —1.144 — 499 
Case 4: 7 = 0, p = .9, percent of wage bill METC 
1962 — 1.064 — 1,064 —.155 
1965 — 4.339 —4.339 — 631 
1968 ~ 4,037 —4.037 — 598 
197] -4.815 —4,815 — .473 


JUNE 1977 
AB AW AK A(B + W) 
048 _ ~.023 —.116 028 
201 —.097 — 465 121 
204 —.101 ~ 467 121 
155: —.085 ~.374 085 
038 —.013 ~ 100 023 
155 ~.053 — 394 099 
153 —.052 ~ 391 097 
110 -~ 040 ~ 305 066 
070 ~ 025 ~ 185 044 
291 —.097 ~ ,733 186 
281 ~ 096 ~.719 178 
215 ~.079 — 598 129 
224 —.077 ~ 585 14} 
954. =.305 ~2,337 615 
849 ~ 298 173 537 
914 ~ 353 ~2.560 545 


Note: In these simulations AP, = 0. For the METC, A Pg and APy are percentage changes in the price of mar- 
ginal man-hours exceeding the base. Definitions of most symbols appear in the note to Table 1; 7 is the price elas- 
ticity of demand for output; » is a parameter of the employment base rule in equation (3). 


1968, and 1971, respectively). Due to con- 
stant returns to scale at the industry level, 
the effects on factor demands can be com- 
puted by adding these values to the cor- 
responding entries in the last four columns 
of Table 1. 


B. Employment Tax Credits 


We now examine the effects of simul- 
taneously dropping the ZTC and institu- 
ting an ETC. The next two simulations set 
the cost of an ETC equal to the estimated 
revenue cost of the JTC for each year. The 
top two panels in Table 2 report simula- 
tions based on two types of ETC—an 
amount per man-hour and a percentage of 
wage bill. Table 2 shows the effects of en- 
acting each ETC alone; combined effects of 
removing the ZTC and replacing it with an 
equal cost ETC are obtained by adding the 
columns in Tables 1 and 2. 

The employment gains from instituting 
an ETC alone are very small if output is 
unchanged. As expected, the amount per 
man-hour form is more favorable to B as 


against W than is the percent of wage bill 
form, but the difference is quite small. 
When output is responsive to price, em- 
ployment expansion is substantially larger; 
the effect of the ETC alone for n = —1 can 
be approximated by adding the output ef- 
fects (.151, .611, .616, and .501 percent in 
1962, 1965, 1968, and 1971) to the factor 
demand entries in Table 2. 

The preceding policy experiments have 
restricted the ETC to equal the tax revenue 
cost of the ITC it replaces in each year. The 
revenue costs were $201 million in 1962, 
$984 million in 1965, $1.265 billion in 1968, 
and $1.115 billion in 1971. Depending upon 
the year and the labor input, the tax-credit 
rate amounts to between 1/2 and 3-1/2 
cents per man-hour.”® The effects of more 
costly ETC programs can be approximated 
by scaling up the effects in Table 2 in pro- 
portion to the increased program cost. 


18In comparison, employer contributions to Social 
Security in 1971 were nearly 20 cents per hour for 
the average worker. 
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C. Marginal Employment Tax Credits 


The METC policy channels subsidies to 
the firm for additional employment beyond 
a base magnitude. Therefore, the same 

2venue cost can finance a larger percentage 

change in the price of subsidized units of 
labor in an METC than in an ETC. This 
should provide a stronger substitution 
toward employment of labor, so long as the 
firm “accepts” the METC. Our simulations 
consider only the more easily administered 
percent of wage bill METC formulation. 

Since the estimates and simulations rest 
upon aggregate data, the industry is treated 
as a firm. This approach necessarily ignores 
the role of scale diseconomies at the firm 
level, which entered the earlier analysis of 
METC acceptance. To implement this 
aspect would require cross-sectional obser- 
vations on firms. The omission is not seri- 
ous in the present context, as we explore 
primarily the economic effects of the ac- 
cepted METC. It is noted, however, that 
the aggregation is likely to understate the 
range of circumstances in which the METC 
is accepted. os 

Implementation of an METC requires 
the definition of a base rule, Z,. Because 
the base rule involves previous periods’ be- 
havior, time subscripts “t”? are introduced. 
We consider a simple rule for an METC on 
wage bill where the base in period t is pro- 
portion u of the “‘firm’s’’ gross wage bill in 
the preceding period: 


(3) Z, = w(Par 1 Bre + Pwr- Wii) 
O<4n 


Qur simulations take the period to be a 
year; each year’s base depends on the solu- 
tion values of inputs for the previous year. 
Percent of wage bill METCs appear as 
Cases 3 and 4 in Table 2. Each policy has 
been constrained to carry revenue costs equal 
to those of the JTC in the same year.'? The 
percent of wage bill ETC is a polar case of 
the percent of wage bill METC with u = 0. 
The effect of increasing » can be seen by 


\9The effects of a more costly percent of wage bill 
METC can be approximated by scaling up the Table 2 
effects proportionately. 
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comparing Cases 2, 3, and 4 in Table 2. 
Clearly, the higher the base parameter u, 
the larger is the marginal input-price 
change affordable from given revenues.” 
With output constant, movement from an 
ETC (Case 2) to an METC with u = 55 
(Case 3) roughly doubles the impact on 
demands for all inputs in each year. In- 
creasing p from .5 to .9 (Case 4) further 
triples the METC effects on employment. 
In most years, the METC with u = .9 raises 
total employment by more than 0.5 percent. 
When output has unitary price elasticity of 
demand, the gain in employment in moving 
from an ETC to an METC with u = .5 is 
more modest.”! However, the total employ- 
ment impacts in these cases are larger. 

Earlier we noted that the firm will reject 
(accept) the METC based on the decision 
rule P’' > P’'(P"' < P'). This implies that 
for the simple base rule (3) and given value 
of u, there may be a threshold rate of credit 
at which the firm accepts the METC. To 
illustrate this, we again treat aggregate 
U.S. manufacturing as a single firm and 
thereby ignore complications of constituent 
firms growing at different rates. We assume 
that the 1970 recession had trigzered an 
METC policy in 1971. For n = Q, thresh- 
old combinations of parameters (u, A) in- 
clude (.99, .06), (.995, .15), (1.00, .25), and 
(1.01, .40). These results are of interest, for 
they suggest that an METC could have 
been effectively utilized even in a year when 
manufacturing output declined by 2.4 per- 
cent.” 


D. Output Price Effects 


Our simulated policy experiments carry 
implications for inflation through changes 


The simulated effects of replacing the ITC with an 
equal cost METC can be obtained by adding the cor- 
responding entries in Tables | and 2. 

2\The effects can be approximated by adding the 
output effects to the factor demand effects of Case 3 as 
explained earlier. 

22It was observed earlier that the base must exceed 
the non-METC employment before the METC will be 
rejected. Accordingly, we calculate that, while non- 
METC employment in 1971 was 0.968 of 1970 em- 
ployment, a base of at least 0.99 of 1970 employment 


is needed for rejection of the credit in 1971. 
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in the average price of putput (AP). Since 
the simulations do not include monetary 
behavior or a full macro model, the con- 
clusions are limited to effects on producers’ 
costs. On average, the ETC and METC 
policies reduce output price by about 0.5 
percent—close to the average annual rev- 
enue cost of $875 million divided by the 
average annual gross production costs 
(PV) of $180 billion. For any given year 
there is notably little difference in AP across 
program types. 


E. Summary and Extensions 


The policy experiments simulated here 
portray a hypothetical alternative to the 
historical experience. Let us assume that 
an ETC or METC had been adopted rather 
than investment tax incentives from 1962 
to 1971, with the same revenue cost in each 
year. Total employment in U.S. manufac- 
turing would have been nearly 0.5 percent 
to more than | percent higher in many of 
the years. All of the increase would have 
been in blue collar employment, with some 
offsetting decreases in white collar employ- 
ment. Use of capital services would have 
been from | to 6 percent lower during the 
period. The price of output might have been 
as much as 0.5 percent higher. 

The differential effects of instituting 
various ETC and METC policies are no- 
table in some cases. There is a modest gain 
in total employment expansion from speci- 
fying an ETC as an amount per man-hour 
rather than as a percent of wage bill. The 
METC can yield much larger employment 
expansion, especially when the base rep- 
‘resents a higher proportion of the current 
year’s wage bill. If output demand is price 
responsive, these employment effects are 
enlarged. All of the policies depress output 
price by nearly the ratio of their revenue 
costs to total production costs. Replacing 
the ITC with an ETC or METC affects sub- 
stantially the aggregate level and distribu- 
tion of employment. 

Our analytical framework has utilized a 
number of assumptions that might usefully 
be relaxed in future research. In particular, 
attention might be directed toward the as- 


THE AMERICAN ECONOMIC REVIEW 


plies, instantaneous adjustment of factor 
demands, homogeneity of firms, and the 
absence of macro income-multiplier effects. 
Further empirical work could be based 
upon more disaggregated manufacturing 
data and other industries. Finally,. discre- 
tionary application of employment incen- 
tives and more complex base rules merit 
examination for stabilization policy. 
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Weak Invisible Hand ‘Theorems on the 
Sustainability of Multiproduct Natural Monopoly 


By WILLIAM J. BAUMOL, ELIZABETH E. BAILEY, AND ROBERT D. WILLIG* 


This paper investigates the conditions 
undér which a “natural monopoly” can find 
a set of prices and a set of products that are 
sustainable against competitive entry. By a 
natural monopoly we mean an industry 
whose cost function over some given set of 
products is such that no combination of 
several firms can produce an industry out- 
put vector as cheaply as it can be provided 
by a single supplier. A sustainable vector is 
a Stationary equilibrium set of product quan- 
tities and prices which does not attract 
rivals into the industry. Even if a vector is 
not sustainable, a monopoly may still be 
able to protect.itself from entry by changing 
its prices whenever and however necessary, 
in response to any entry that threatens at 
that moment. But, by definition, only a sus- 
tainable vector can prevent entry and yet re- 
main stationary. 


I. Ramsey Optimality and Sustainable 
Price-Output Vectors 


These concepts lead to three surprising 
results that constitute the core of our paper. 
One of these results, due partly to Gerald 
Faulhaber, asserts: 


ł 


THEOREM 1: It is not true that if a single 
firm has all of the cost advantages of natural 
monopoly, there must exist a sustainable vec- 
tor, i.e., equilibrium prices and outputs that 


*Princeton and New York Universities, Bell Labora- 
tories and New York University, and Bell Labora- 
tories, respectively. This paper was written as part of a 
study of scale economies and public goods properties 
of information sponsored by the Division of Science 
Information of the National Science Foundation. 
Crucial contributions to the paper were made by John 
Panzar, Thijs ten Raa, and Dietrich Fischer. Valuable 
suggestions were also provided by Janusz Ordover, 
and students in the advanced theory workshop at 
New -York University. This paper reflects the views 
and assumptions of the authors, not necessarily those 
of the Center for Applied Economics at New York 
University or of the Bell System. 
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are invulnerable to entry. However, the con- 
verse does hold; that is, if the monopoly offers 
no real cost advantage, it will have no sus- 
tainable price-output vectors available to it. 


' Before stating our main and still more 
surprising theorems, we first present what 
we refer to as the Ramsey rule for Pareto 
optimal pricing under a budget constraint. ! 
This proposition is pertinent to a firm 
which, because of scale economies, would 
suffer losses if it were to set the prices of its 
products equal to the corresponding mar- 
ginal costs. The proposition is usually de- 
rived under the assumption that the optimal 
product set is known; however, we seek 
both prices and outputs that are Pareto opti- 
mal subject to the constraint that the firm 
earns profits a at least equal to the maximal 
economic profit E permitted by barriers to 
entry. Necessary (first-order) conditions for 
a welfare optimum under such a profit con- 
straint are? 


(1) pf — MC; = — A(MR;-MC;) 
for y* >0 
pi — MC; < — (MR-MC,) 
for y*¥ = 0 
with w= Ef, X>0 


where p;, Yi MC;, and MR; are the prices, 
quantities, marginal costs, and marginal 
revenues of the industry’s set of actual and 
potential products, N. All Ramsey-optimal 
price-output vectors satisfy (1) by the 
Kuhn-Tucker theorem. 

From the nature of conditions (1), which 
are relevant only for a multiproduct firm, 


!We adopt this name since the rule was first derived 
by Frank Ramsey. 

2For proof and other important contributions on 
the subject see Marcel Boiteux and Peter Diamond and 
James Mirrlees. For a history and some related forms 
of the first-order conditions, see Baumol and David 
Bradford. 
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it is clear that our analysis must deal with 
the multiproduct case (which is, in any 
event, the only case encountered in reality). 

We can now state our main results—the 


- two basic weak invisible hand theorems for 


natural monopoly: 


THEOREM 2: Under a set of assumptions 
given below, which include a cost function ex- 
hibiting both a form of economies of scale 
and of complementarity in production, Ram- 
sey-optimal price-output vectors, i.e., vectors 
which satisfy (1), are sufficient to guarantee 
sustainability.’ 


In other words, if the monopoly selects a 
vector which satisfies conditions (1) for 
Pareto optimality, then its profits can be at 
E, the maximal level permitted by barriers 
to entry, and furthermore its virtue will be 
rewarded by protection from the threat of 
entry! The Ramsey-optimal prices will deter 
entry of competing firms attempting to 
market goods identical with those produced 
by the monopolist, as long as the potential 
entrants have available productive tech- 
niques which are no better than the mono- 
polist’s. These prices will also deter entry of 
firms proposing to market other goods in 
N, which may be very close substitutes to 
the monopolist’s. 

In general, these Ramsey-optimal vectors 
will not be the only sustainable price-output 
combinations for the monopolist. However 
we have: 


THEOREM 3: If a monopoly considers a 
price-output vector that is not Ramsey-opti- 
mal, it cannot ascertain whether it is sustain- 
able without global information about the de- 
mand and cost functions for its products. 


That is, if the monopoly has access only 
to local information (in the vicinity of its 
current output vector), then the only out- 
puts with which it can be assured of protec- 
tion from entry are those that satisfy condi- 


3But see Faulhaber for an example in which Ramsey 
pricing is not sustainable. This example is based on a 
cost function which does not exhibit the characteris- 
tics we will specify. 
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tions (1) for Ramsey optimality. Otherwise, 
the firm may have to know the demand 
price and cost relationships over an entire 
region that includes both the origin and the 
axes. 

In sum, our theorems say that the power 
of the invisible hand has been underesti- 
mated. While the literature implies that the 
invisible hand is potent only under perfect 
competition, we find that it exercises some 
sway over monopoly as well. The invisible 
hand may leave a monopolist vulnerable to 
potential entry if its pricing decisions are 
not in accord with the Ramsey rule, or if 
technology does not provide a sufficiently 
strong cost advantage to the monopoly 
form of industry organization. Conversely, 
if the monopolist has the cost structure and- 
other relations we postulate, and if it selects 
its price and product set in accord with the 
Ramsey rule, it will be safe from competi- 
tive entry. 

Proofs of Theorems | and 3 are relatively 
straightforward and require very little in the 
way of formal assumptions. However, a full 
and rigorous proof of Theorem 2 turns out. 
to be relatively complex, and so we will first 
provide a heuristic argument, postponing a 
full statement of assumptions and a rigor- 
ous demonstration to Appendix A. 


II. Sustainability and Subadditivity 


Our analysis deals with a monopoly firm 
which offers to supply a group of products 
in the set of goods N over which it has a 
natural monopoly, and announces a vector 
of prices at which it will sell them. It then 
undertakes, perhaps because of a legal man- 
date, to provide whatever output is de- 
manded at those prices. Its productive tech- 
niques are known and available to other 
entrepreneurs, who evaluate the profitabil- 
ity of entering the market and producing 
some or all of the goods in N. The potential 
entrant must plan to undercut or match the 
monopolist’s price if he intends to sell any 
of a product. The entrant is not required to 
meet all demand, but can instead splinter 
the market in an arbitrary manner. 

The issue in sustainability is whether any 
potential competitor can expect to enter 
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and earn a profit if,the monopoly firm 
maintains its announced prices. If every 
price-output combination for a potential 
entrant will force it to incur losses, we say 
that the announced monopoly price-output 
vector is sustainable.” 


DEFINITION 1: The announced prices of 
a monopolist p” are sustainable if the mo- 
nopoly is financially viable at these prices 
x” > 0, and if no potential entrant can find 
a marketing plan for which the anticipated 
economic profits py? — C(y*) cover the 
costs of entry E( y°). Here, we define the 
marketing plan of a potential entrant to be 
a subset A of the product set N, and vectors 
of prices and quantities p4 and y% for the 
goods in A. We exclude from consideration 
the possibility that y4 = y”, Le. that the 
entrant will replicate the monopolist’s out- 
put vector. For the entrant to make any 
sales, his prices must not be greater than 
those of the monopolist,° p4 < p”. The max- 
imal sales available to the entrant are given 
by the demand functions evaluated at the 
lowest prices offered. Thus y4 < O,4( på, 
P-a) where N — A symbolizes the prod- 
ucts not produced by the entrant. 


Note that the sustainability concept re- 
lates to the possibility of any long-run 
monopoly equilibrium with stable prices. 
Whether it represents the last in a sequence 
of moves and countermoves, or merely an 
initial decision, the set of monopoly prices 
at that stage is sustainable if and only if no 
entrant can cover his costs at or below those 
prices. If every set of prices and outputs is 


4We might expect such a Nash entry process if, for 
example, it were recognized that the monopoly would 
be prevented by a regulator from reacting to the new 
competition by changing its price structure or product 
set. 

This definition of sustainability is also used in John 
Panzar and Willig (1977). They discuss some of the 
economic causes of unsustainability, and some of the 
implications of sustainability and unsustainability for 
regulatory policy toward market structure and entry. 

6Where the entrant offers a product not supplied by 
the monopolist there is, of course, no monopoly 
market price. In this case, the effective monopoly price 
is the lowest price for that item that reduces its demand 
to zero. 
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unsustainable, there can be no stationary 
monopoly equilibrium because then either 
entry will be successful and so the monop- 
oly will come to an end, or the monopolist 
must change prices constantly and in per- 
petuity to stay one step ahead of potential 
competitors.’ 

A second crucial concept for our analysis, 
which we take to be the defining character- 
istic of natural monopoly, is that there is a 
cost advantage to single firm production of 
the goods in the set N. That is, one firm can 
produce all given vectors of outputs more 
cheaply, in terms of real resources, than can 
any combination of several firms. This con- 
dition, which is referred to as strict sub- 
additivity,’ is defined more formally as fol- 
lows: 


DEFINITION 2: A cost function C(y) 
over the set of products N is (globally) 
strictly subadditive if for any k output vec- 
tors y',..., y* such that Zp! = y, yf = 0, 
and k > 1, we have 


(2) ZC(y'!) > C(y) = C(Zy’) 


At first glance it may seem that sub- 
additivity and sustainability are equivalent 
notions. But Faulhaber, in some ingenious 
counterexamples, has shown that sub- 
additivity is not sufficient to guarantee sus- 
tainability.? However, we will prove that 
subadditivity is necessary for sustainability: 
if the technology of the industry is such that 
production by a single firm is at least as ex- 
pensive as that by two or more firms, then 
there will exist no vector of monopolists’ 
prices that can prevent entry into the indus- 
try. Thus, we have the first of our three 
theorems which describe the workings of a 
(weak) invisible hand in monopoly markets. 


Tirwin Sandberg (1975) has shown that where the 
cost function is subadditive, as it must be under the as- 
sumptions of this paper, then in any sequence of un- 
restricted price moves and countermoves the single 
firm can always undercut a competitor in each round. 

8The notion of subadditivity is used to define 
natural monopoly both in the mathematical literature 
(see, e.g., Faulhaber and Sandberg), and in the non- 
mathematical literature (see for example, Alfred Kahn, 
p. 123 or Richard Posner, p. 548). 

9See Faulhaber and also Stephen Littlechild. 
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“as those shown in Figure 1 can occur, see Baumol 
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FIGURE | 


That is, strict subadditivity is necessary but 
not sufficient to guarantee the existence of a 
sustainable price-output vector for the 
monopolist. 


PROOF of Theorem I: 

Since an example is enough to prove that 
subadditivity does not guarantee sustain- 
ability, we offer in Figure 1 a simple coun- 
terexample in graphic form, though the re- 
sult is in no way dependent on the simple 
form of cost function used. We assume that 
market demand is satisfied at output y*. 
The cost function OKLNM with LN < OK 
is easily seen to be subadditive over the 
range depicted. It never costs more than 
OK + LN for a single firm to produce any 
output y < y*. Any two or more firms turn- 
ing out all or part of the output will each 
have to incur the initial fixed cost OX, so 
that their total cost will be > 2(OK) > 
OK + LN, the cost of single firm produc- 
tion. Thus the cost function is subadditive. 
Yet, because average costs are lower at y’ 
than they are at y* (slope of OL less than 
that of OM),'® a customer group whose 
quantity demanded is y’ will have an in- 
centive to break off and provide that output 
for itself. Output y* is thus not sustainable, 
nor is the situation stable, since output y’ 
does not clear the market. 

This completes the proof of insufficiency. 
To prove necessity, let p” be any vector of 
prices at which the monopoly can cover its 
costs, 1.¢., 


l0For a further characterization of the require- 
ments of subadditivity, indicating why patterns such 


(1977). 
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(3a) p™y™ > C(y™) 


The failure of strict subadditivity at the out- 
put vector y” requires the existence of a 
nontrivial set of output vectors y’ such that 


(3b) 


and 


Zyl = y" 
ZC(y') < C(y”) 


so that multifirm production is cheaper. 
Using (3a) and (3b), we have Zp™y! = 
pry” = C(y") = 2C(y'), or Bp™y! - 
C(y')) 2 0. It follows immediately that 
p™y* — C(y*) 2 0 for some k. Thus a com- 
peting firm can offer y* at prices no greater 
than p” and at least cover its costs. This 
constitutes an opportunity for profitable 
entry, and so the monopoly cannot be sus- 
tainable. 


It is easy to indicate in intuitive terms 
why a cost advantage is necessary but not 
sufficient for sustainability, and that reason 
also illuminates the nature of the issues in- 
volved in the two concepts. Failure of sub- | 
additivity essentially requires the existence 
of at least one way of breaking up the.mo- 
nopoly coalition into a set of subcoalitions 
in such a way that each and every subcoali- 
tion can, potentially, benefit from the split. 
Failure of sustainability, on the other hand, 
only requires the coalition of consumers to 
be divisible into subcoalitions in such a way 
that at least one of them benefits from the 
split. f 


HI. Entry Costs, Profits, and Sustainability 


Our analysis assumes that the monopoly 
will capture the rents available to it by vir- 
tue of its prior position in the market. The 
rents are the annual equivalent of the dis- 
counted present value of the entry costs or 
barriers to entry facing new firms in the 
market, and arise from such phenomena as 
litigation and the need to acquire consumer 
“good will.” While entry costs may vary 
with the entrant’s output vector, so that we 
must write them as E( y), we would expect 
that for output sets which are sufficiently 
large, the entry costs reach and remain at 


\ 
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some maximal value.'! We suppose that this 
maximal entry cost E would pertain if the 
entrant were to supply any output vector 
that the monopoly firm could itself reason- 
ably consider producing and, in particular, 
that Æ holds for any of the optimal outputs 
satisfying the Ramsey conditions (1). 

Under this assumption about entry costs, 
we immediately have: 


LEMMA |: Jfali relevant functions are con- 
tinuous, any price-output combination p”, y™ 
that yields monopoly profits greater than the 
costs of entry cannot be sustainable. That is, 
sustainability requires ` 


(4) ew" < E 


PROOF: 

The derivation of this result is trivial. 
Suppose (4) is violated at prices p” not all 
zero. Then, by continuity, there exist prices 
slightly lower than p” (for the nonzero ele- 
ments př’) at which total revenue minus 
total operating costs still exceed entry costs 
E. Therefore another firm can enter and, 
charging these lower prices to undercut the 
former monopoly, it can still cover its entry 
costs. 


Thus, £ is an upper bound on the profit 
of a sustainable monopoly. 


IV. Pertinent Cost Characteristics 


We have seen in Section II that subaddi- 
tivity of costs is simply not a condition 
strong enough to guarantee sustainability. 
Yet, it is a necessary condition. Panzar and 
Willig (1977) have shown further that it is 
necessary that the technology have nonde- 
creasing returns to scale at the candidate 
sustainable vector. Moreover, their analysis 
demonstrates that for sustainability, prod- 
uct specific economies of scale must be out- 


'lJoe Bain, p. 171, seems to imply that such varia- 
tions are not likely to be substantial. But, in any 
event, it seems quite plausible that for an entrant to 
have attained anywhere near the scale of output of the 
(former) monopolist, he must have incurred all the 
costs that impede entry into the industry. That is all we 
are assuming here, 
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weighed by the cost savings from joint pro- 
duction (complementarity in production). 

There are two cost attributes, devised by 
Baumol (1977), which together assure cost 
subadditivity, nondecreasing returns to 
scale, and production complementarities 
strong enough to guarantee sustainability. 
The first of these cost attributes is a strong 
form of economies of scale. Although it is 
generally impossible to define average cost 
for a multiproduct firm, we can define the 
behavior of average cost along a ray in out- 
put space, i.e., for proportionate changes in 
outputs. 


DEFINITION 3: A cost function has 
strictly decreasing ray average cost ** if 


(5) Clyy) < yC(y) 
for y > 1, for any output vector y = 0; 


that is, if a proportionate increase in all of 
the firm’s outputs produces a less-than-pro- 
portionate increase in its total cost. 


The second cost attribute we will be using 
is a strong form of economies of scope." 


DEFINITION 4: A cost function is trans- 
ray convex along a hyperplane 2w,y; = k, 
all w; > 0, if given two distinct output vec- 
tors yand y’ on that hyperplane," 


(6) CfrAy* + (1 — Ayt} < AC(y°) 
+ (1 — A)C(y’) 
for O<A <I] 


Condition (6) asserts that the production 
cost of a weighted average combination of 
any pair of output vectors y* and y® is not 
greater than the weighted average of the 


'2This concept is implied by increasing returns to 
scale (see Panzar and Willig) and by strict ray con- 
cavity (see Baumol, 1977). It rules out profitable mar- 
ginal cost pricing except at points of inflexion in the 
ray average cost curve. See Baumol (1977) and Panzar 
and Willig (forthcoming) for an examination of the 
conditions necessary and sufficient for marginal cost 
pricing to be unprofitable. 

This term was coined by Panzar and Willig (1975). 

MIt can be shown that in order to avoid contradic- 
tion between the requirements of (5) and (6) the latter 
condition can only be postulated to hold for some re- 
stricted range of values of w. 


oe 
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FIGURE 2 


costs of producing each of them in isola- 
tion. This condition requires, in essence, 
that complementarities in production out- 
weigh scale effects, along the relevant cross 
section. 

Our definitions are readily interpretable 
graphically. Figure 2 illustrates strictly de- 
creasing ray average costs (5), with the slope 
of the rays OA, OB, etc. decreasing the 
further out one is along the fixed-propor- 
tions ray OY. As Figure 3 indicates, the 
complementarity concept (Definition 4) 
means that along some negatively sloping» 


Cty) 


—— 
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— 
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TOTAL 
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FIGURE 3 


1SThat the cross section is negatively sloping follows 
from the requirement that w; > 0. 
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FIGURE 4 


cross section of the diagram, the cost curve 
is (not necessarily strictly) convex, so that 
the (unit) cost savings from the production 
of any weighted-average combination of y? 
and yê outweigh the (unit) cost increases re- 
sulting from the losses in economies of spe- 
cialization, 

Thus, a cost surface satisfying Definitions 
3 and 4 will have the general appearance of 
OCABDE in Figure 4. Such a cost surface 
can be viewed as the natural modification of 
the class of neoclassical cost functions in 
which nonincreasing returns are replaced by ` 
increasing returns, t6 


V. Geometry of Sustainable Prices 


We can now proceed to provide condi- 
tions sufficient for sustainability. Since they 
are readily apparent from the geometry of 
the situation, we begin with a graphical 
analysis. For simplicity, we restrict our 
attention to the case of two outputs, each of 
which is optimally produced in positive 
quantity. Further, we suppose that the cost 
function is that specified by Definitions 3 


I&A cost function which fulfills our conditions can 
be constructed by beginning with a constant returns 
cost function which exhibits cost complementarities, 
i.e., the marginal cost of good / does not increase when 
the production of good j increases (C;;(y) < 0, i = J). 
It can be shown that such a function is trans-ray con- 
vex. If we then append to it a fixed se:-up cost, the 
resulting cost function has strictly decreasing ray 
average costs and is trans-ray convex, as Definitions 3 
and 4 require. 


N 
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FIGURE 5 


and 4, In Appendix A we show that the re- 
sults hold for the entire natural monopoly 
product set N, for corner as well as interior 
solutions, and fer less strict assumptions on 
the cost function. 

Figure 5 displays the fotal cost surface, 
C(y) + E(y). Here our inclusion of entry 
costs can be considered analogous to the in- 
clusion of normal profits in the cost func- 


tion for a competitive firm. The particular - 


shape shown for this function is that speci- 
fied by (5) and (6). Figure 5 also shows a 
portion of the total revenue surfacé, the 
shaded dome yP(y) = Zy;P'(y), given by 
the market’s inverse-demand function. The 
heavy closed curve B is the intersection of 
the total cost surface with the total revenue 
surface. Because of its shape we refer to it 
as a (floating) hyperbagel.'’ The projection 
of the curve B onto the floor of the diagram 
gives the boundary of the set of outputs T 
for which the profit of the monopolist, 
w™( y), is greater than or equal to the entry 
costs E( y). We assume that T is convex. 
Further, we shall suppose that region T 
contains every output vector from which 
the entrant can hope to earn a profit. This 


I7It may not be apparent at first glance that the 
somewhat twisted B locus really does have the shape 
of what the managing editor of this journal has 
described, felicitously, as “that delectable dessicated 
doughnut.” But, viewed from above, a (slightly de- 
formed) bagel it surely is. Alas, as any maven will con- 
firm, bagels are not what they used to be. 


assumption is plausible!® since we may well ^ 
expect that the revenue an entrant can earn 
from the production of any output vector 
will not exceed the revenue the monopoly 
could have earned from the sale of the same 
vector. !? 

We now consider the pricing decision fac- 
ing a monopolist seeking a set of prices sus- 
tainable against entry. The monopolist an- 
nounces a profitable set of fixed prices 
h = (h,,...,h,) for its n outputs, and he 
offers to sell as much of his products to his 
customers as they desire to buy at these 
prices. Since a potential entrant must plan 
to set prices at or below the monopolist’s, 
if he is to be able to sell any of the cor- 
responding products, the revenues'he antici- 
pates, R°, are represented by points on or 
below a hyperplane H, satisfying R = Èh; yi. 
That is, 


(7) R°(y*) < Zh yf 


While R° has the form of a revenue func- 
tion, it does not represent market revenue 
because the prices A; are held fixed, while |. 
quantities vary freely without regard to de- J 
mand conditions. Thus, we shall refer to H 

as a pseudorevenue hyperplane. 

The position of the hyperplane H with 
respect to the cost function C( y) + E(y) is 
critical for sustainability. First, suppose as 
in Figure 6, that the pseudorevenue hyper- 
plane H, cuts through the total cost sur- 
face above T. Then, for at least some de- 
mand-price relationships, it seems clear that 
prices A may not be sustainable because a 


S 


t8The assumption is plausible but it is possible to 
devise exceptions stemming from demand complemen- 
tarity between the outputs of the entrant and those 
of the (former) monopolist. For example, consider 
an entrant who (profitably) produces electric stoves 
for which the former monopolist supplies the elec- 
tricity. If the monopolist were to produce the en- 
trant’s output vector composed of stoves but no elec- 
tricity, he could hardly expect to make any profit, 
because no one would buy the stoves if no electricity 
were available. We are able in Appendix A to expand 
the region of profitable entry to correspond to some 
greater range of demand complementarity. 

9That is, if the entrant’s revenue is R°(y*) < 
Ry), then if x(y*) = R™y*) — C(y*) < Ely"), A 
the entrant’s net profit from y° must be negative since 
T (y) = R f(y) — C(y*) - E(y*). 


5 
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FIGURE 6 


competitor might enter, offer some output 
combination in T at prices lower than A (for 
example, point L), and earn more than the 
cost of production and entry. 

To avoid this problem the monopolist 
can lower all the prices h; proportionately 


_ so that the hyperplane H swings downward 


— 


toward the floor of the diagram, until it 
reaches the lowest hyperplane, H, in Figure 
7, that still has (at least) one point in com- 
mon with the hyperbagel B, which we can 
take to be a point of tangency between H 
and B.” Let the quantities associated with 
this point be y”, and the prices defining H, 
be h™. If these prices happen to satisfy the 
inverse demand function h” = P‘(y™”), then 
H, is the pseudorevenue hyperplane asso- 
ciated with y” and pseudorevenue and 
market revenue coincide at y™. By construc- 
tion, H, lies below the total cost surface 
(when it has the shape pictured) over T (ex- 
cept at y”), and so the sustainability of A” is 
assured. 

This completes our informal discussion 
of the geometry of sustainability. We now 
provide a heuristic proof that an interior 
Ramsey-optimum corresponds to the sus- 
tainable tangency point. 


VI. A Heuristic Proof of Theorem 2 


We first prove that tangency between H 
and B is equivalent to a decision by the mo- 


201f the functions are smooth and if y” >0, then H 
and B must be tangent. 
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FIGURE 7 


nopolist to produce at an interior Ramsey- 
optimal output vector. For diagrammatic 
simplicity, we continue to restrict our atten- 
tion to the two-goods case. Tangency be- 
tween H and B requires dH = dC + dE at 
y* locally along the hypercurve m(y) = 
E( y). Since in the neighborhood of an opti- 
mal output vector y* costs of entry are 
equal to the constant E, we have dE = 0. 
The requirement dH = dC then yields 


(8) dH = 2P(y*)dy; = UMC,(y*)dy; 
= dC i= 1,2 
while the requirement that dy satisfy m( y) = 
E( y) gives us 
(9) dx = Z{MR,(y*) — MC,(y*)}dy, 
= dE = 0 f= 1,2 
Solving (8) and (9) for the two products 
i = 1,2, we have 
(10) MR\(y*) - MC\(y*) _ _ dy 
MR,(y*) — MC,(y*) dy, 
_ P'(y*) — MC,(y*) 
~~ P*(y*) ~ MC(y*) 


it 


which is clearly the Ramsey-optimality con- 
dition (1) for any two products whose out- 
puts are positive.” 


211f there are locally increasing returns to scale, the 
Ramsey rule ((1) or (10)) implies that marginal profit 
yields are negative, that is, the firm will produce more 
than it would if it were a profit-maximizing monopoly 
immune from entry. More than that, (10) may even in- 
volve negative marginal revenues at the solution point. 
Thus, Ramsey theory can account for those observed 
cases in which prices appear to leave the firm in the 
inelastic portions of its demand curves. 
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Conversely, suppose a(y*) = E, at y*, 
dE/dy; = 0, and that Ramsey condition 
(10) holds. r = E implies that H and 
C(y) + E coincide at y*, and (10) implies 
that (8) holds for dy satisfying (9). Thus, the 
Ramsey conditions (10) imply that a meet- 
ing point of H and B must, under our cost 
assumptions, be a point of tangency be- 
tween them. 

As a final part of our proof of Theorem 
2—-that the Ramsey solution is sustain- 
able—we must show that, with costs having 


the properties we have assumed, the . 


pseudorevenue hyperplane is not only a 
local support for the cost surface at the 
Ramsey point y*, as was just demonstrated, 
but, as was suggested in the previous sec- 
tion, that it supports costs throughout the 
potentially profitable region T so that the 
entrant must lose money anywhere in that 
region. We can see immediately that this 
follows from the assumed properties of the 
cost function, for at y* the total cost surface 
“bends away” from H in every direction 
over T (Figure 7). Thus, at every point in T 
an entrant’s total revenue (which, we know 
from (7), cannot be above the height of H at 
that point) must be insufficient to cover his 
operating and entry costs. Hence, the Ram- 
sey prices will be sustainable, as Theorem 2 
asserts. 

To show explicitly the role of our cost 
assumptions, we now state the geometric 
argument a bit more carefully. Consider 
any point D in S~ containing T (Figure 8). 
With the pseudorevenue hyperplane satisfy- 
ing the Ramsey tangency condition, we 
want to show that any output D in T must 
lose money for an entrant-because L lies 
above M, where L and M are, respectively, 
the corresponding points on the cost surface 
and pseudorevenue hyperplane A. Draw 
the cross section ONKL through point L 
above ray ODN. Then we know that if the 
cost surface and hyperplane H are tangent 
at V, at N the cost point K must (by trans- 
ray convexity), lie on or above point A on 
hyperplane H. By strictly decreasing ray 
average cost, point L must lie above the line 
segment connecting the origin and K, and 
this in turn must lie on or above the line 
segment OA containing M. Hence, L must 
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lie above M, and so any point Din S~ must 
be unprofitable to the entrant, which is 
what Theorem 2 asserts. 


VII. Interpretation of Theorem 2 


Thus, we have provided a geometric 
argument showing that Ramsey-optimal 


pricing offers a reward to the monopolist ~ 


seeking anticipatory protection from entry. 
We have, then, a new “invisible hand” 
notion, applicable outside the well-under- 
stood world of perfect competition. Our re- 
sult is a consequence of the same essential 
fact that underlies the welfare optimality of 
perfect competition. With prices held fixed 
at their market levels, the derivatives of 
profit with respect to quantities are propor- 
tional to the corresponding derivatives of 


consumer’s plus producer’s surplus.” At the ~ 


given prices, changes in profit can therefore 
be used as a local approximation to incre- 
ments in welfare. 

Under perfect competition, producers 
take prices as parametric because they are 
so small relative to their markets that they 


are aware of no influence over prices. They — 


set quantities to maximize profit, given the 
market prices. Welfare is, fortuitously, also 
maximized (if functions have the right 


22Here, as elsewhere in this paper, we restrict atten- 
tion to one-consumer economies, or to cases in which 
income is distributed optimaily in the eyes of the social 
decision maker. 


| 
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shapes) because of the essential fact that 
parametric-price profit approximates wel- 
fare locally. 

In our model, the monopolist knows 
(Lemma 1) that his profits are limited to £E. 
He also knows that potentially viable entry 
threats are limited to 7, and that the profit 
of an entrant will be less than pseudoprofit 
(pseudorevenues less costs, including the 
cost of entry) calculated at the monopoly 
market prices, held fixed. Hence, if he 
chooses an output vector with profit equal 


to the entry cost, which at his fixed prices 


+ 


happens to maximize pseudoprofit over T, 
then pseudoprofit must be less than entry 
cost over 7. That is, profits of all potential 
entrants must be negative, and the monop- 
olist’s unique market position is guaranteed 
sustainable. 

The monopolist who seeks stationary 
prices that can protect him from entry, like 
the perfect competitor, has an incentive to 
choose outputs which maximize profit cal- 
culated at those parametrically fixed market 
prices. By doing so, each type of firm inad- 
vertently maximizes net social welfare. 
Thus, the same invisible hand that guaran- 
tees welfare-optimal pricing under perfect 
competition, may guide the farsighted mo- 
nopolist, seeking protection from entry, to 
the Ramsey welfare optimum. 


VHI. Uncertainty of Sustainability 
without Ramsey Prices 


Our final invisible hand theorem (Theo- 
rem 3) deals with the issue of sustainability 
of non-Ramsey price vectors. It asserts that 
at any non-Ramsey prices h (for which H 


= does not support B) the monopolist cannot 


be sure of being able to prevent entry with- 
out knowing the shape of his demand and 
cost functions at outputs that may be far 
from his current output y”, and hence far 
from his range of experience. 


PROOF of Theorem 3: 

The argument is simple. By the assumed 
nonsupport, there must be some points y* 
in T at which 2h, yf > C(y*) + E, as at 


~ point L in Figure 6. But, as we have argued 


? 


in(7), the entrant’s revenue R*( y*) < Zh; yf, 
where the difference Dh; yf — R*( y*%) de- 
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pends upon the magnitude of the inverse 
demand function at y*® Hence, at yf, 
R*( yy C( y*) + E and we cannot tell, 
without knowledge of the demand and cost 
functions at every point y® in T, whether 
there will or will not exist points yf in T at 
which successful entry is possible. 


To discuss Theorem 3 in a more concrete 
manner, we now present a simple peak load 
pricing example, and show through it that 
non-Ramsey price vectors may or may not 
be sustainable. Let the cost relationship be 


CC yi, ¥2) = 1 + max( yi, y2) + Yi + Yo 
for max( y;,¥2) > 0 


which is shaped like a V in cross section.” 
In the cost function, capital cost is 1 + 
max( yı, y2), and each service has a constant 
unitary marginal operating expense. We 
suppose that there are no entry costs, and 
that the inverse demand functions exhibit- 
ing independent demands for the two prod- 
ucts or services are: 


P'(y)= 6 — yı Py) = 4 - yy 


We now pick two candidate non-Ramsey 
price vectors and show that one is sustain- 
able while the other is not. For our sustain- 
able non-Ramsey solution, we set price just 
above marginal cost (by the small amount 
6 > 0) in the off-peak period 2, so that 
pz = 1+ 6. We then solve the x = 0 equa- 
tion for the lowest price in market | which 
just permits the firm to break even. 

We first show that these are not Ramsey 
prices. To see this, note that if we had set 
ps' = 1, we would have had y7 = 3, so that 
total revenue from that service covers only 
its variable cost, $3. Therefore, by con- 
tinuity, with p3” = 1 + 6, the total revenue 
from market 2 must be $3 + e where we can 
make e as small as we like by selecting ô 
sufficiently small. This means that if the 


and 


23T his is a version of the cost function usually found 
in peak-load pricing models (see, e.g., Bailey and Law- 
rence White). The function is not differentiable every- 
where. However, calculations using this function are 
much simpler to follow than those using a smooth ap- 
proximation, Note that the function does exhibit trans- 
ray convexity and ray concavity as our ccst assump- 
tions require. 
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firm is to cover its total cost, market 1 must 
cover its own variable cost | -yf plus the 
capacity cost minus «e. This is clearly not 
possible if its price is set near its marginal 
cost. Therefore, by (1), these are not Ram- 
sey prices, since p > MC, pv = MC). 
They are, however, sustainable prices. This 
is so since for any price at or below mar- 
ginal cost, the entrant will get no contribu- 
tion to capital cost from his off-peak sales. 
Hence, he must obtain all capital cost from 
peak market 1. Since pj” is the lowest price 
that permits the firm to break even in mar- 
ket 1, any pi < př will yield a negative 
profit if the entrant serves all demand. But 
because of the fixed component of costs, 
revenues will be lower than costs for smaller 
outputs as well. Thus, these non-Ramsey 
prices of the monopolist are sustainable. 

For our non-Ramsey prices that are un- 
sustainable, we set off-peak price so as to 
equate marginal revenue and marginal cost. 
Then, př = 2.5, yř = 1.5. Solving the r = 0 
equation, peak price and output turn out to 
be př = 4 — V21/2, yf = 2 + V21/2. 
These’ are not Ramsey prices because 
MR, = MC,, while MR, < MC,. The 
prices are, however, not sustainable, since 
the entrant can cover his costs at the price 
output vectors pf = 1.5, yf = 2, ps = 2, 
ys = 2. That is, mf = (1.5)2 + (2)2 - 1 - 
4 — 2 = 0, where the entrant serves only 
part of the peak demand. Thus, with the 
same cost and demand conditions, some 
candidate non-Ramsey prices are sustain- 
able, while others are not. 


IX. Concluding Remarks 


We have shown that even under mo- 
nopoly, the threat of entry can impart some 
power to the invisible hand. If the monop- 
oly industry has a cost function which ex- 
hibits sufficiently strong cost advantages 
(our strictly decreasing ray average costs 


and trans-ray convexity), the invisible hand ` 


can be shown to encourage a firm to adopt 
Ramsey prices for its marketed goods, satis- 
fying the relative price conditions (1) for 
whatever profit level the barriers to entry 
permit the monopolist to earn. Perhaps still 
more remarkable (since the issue seems not 
to have been discussed before in the Ram- 
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sey literature), we have shown that this sus- 
tainable solution involves production by the 
monopolist of the Ramsey-optimal set of 
goods and services. For we have been able to 
establish the surprising result that only this 
price-output vector can guarantee, inde- 
pendent of any but local knowledge of its 
demand conditions, to protect the firm 
against competitive entry. 

Our discussion also has one fairly direct 
implication for public policy. It suggests 
that the public interest is served by en- 
couraging 4 monopolist to price in anticipa- 
tion of entry rather than in response to ‘it. 
That is, the monopolist should be encour- 
aged to set prices and outputs that are 
socially desirable in the first place, knowing 
that otherwise entry may threaten, rather 
than changing his prices case by case every 
time entry seems imminent or actually takes 
place. 


APPENDIX 
A. A More General Proof of Theorem 2 
While we have provided complete discus- 
sions of Theorems 1 and 3, our analysis of 


Theorem 2—the sustainability of the Ram- 
sey price-output vector—was partially heur- 


‘istic and unnecessarily restrictive in several 


respects. The geometric argument assumed 
that there were only two products, and that 
positive quantities of each were sold by the 
monopolist. Moreover, the cost function 
exhibited trans-ray convexity and declining 
ray average costs, and entry was limited to 
the potentially profitable region 7. We now 
provide a proof which relaxes each of these 
assumptions significantly. We begin by pro- 
viding a complete list of our assumptions 
and commenting on their new features: 


Al (Assumption 1): (a) Potential entrants 
only consider marketing goods in the natu- 
ral monopoly product set N. The potential 
entrants and the monopolist have access to 
the same production techniques. (b) An en- 
trant incurs entry costs E( y) which attain a 
maximum value E at “large? output vec- 
tors; in particular, E( y) = E for all welfare- 
optimal (monopoly) output vectors which 
satisfy the profit constraint 7”( y) > x°, for 
0 < r° < E. The profit ceiling E is less than 


é 
t 


VOL. 67 NO, 3 


the unconstrained maximum monopoly 
profit; i.e., E < max {r”(y)!y > 0}. 


A2 (Assumption 2): (a) There is a óne-to- 
one relationship between market prices and 
demand vectors. (b) Market prices depend 
on the industry output vector, and not on 
the number of firms that produce it. (c) The 
cost and inverse demand functions are dif- 
ferentiable over the region Y = fy > 
0| ry) > E}. 


A3 (Assumption 3): (a) There exists a Ram- 
sey optimum y* at which (1) is satisfied with 
a™(y*) = E% (b) y* lies in Y* = 
{y|a"(y) = E, x™y) < 0, Fi}, ie., the 
outer “northeast” boundary of Y where in- 
creases in output decrease profits. 

We show in Appendix B that when de- 
mands are weak gross substitutes and “‘nor- 
mal” in a sense defined there, an optimal 
Ramsey solution must indeed lie in Y*. 
Furthermore, it can be shown that no Ram- 
sey solution outside Y* is sustainable. 
Thus, only Ramsey points in Y* need be 
considered. 


A4 (Assumption 4): The net profit function 
x"( y) — E( y) is strictly quasiconcave over 
the potentially profitable set, T = fy > 
0] r”) — E(y) > 0, y = 0}. More broadly, 
Tis strictly supported at the y* given by A3 
by the tangent hyperplane S = {y > 0] 
Lai (y*)y, = — Dar (y*) yi}. 

A2-A4 imply that the region which is 
relevant for our Ramsey optimization is Y, 
the set where profit equals or exceeds the 
largest entry cost E. The set 7, to which 
entry threats are limited, does not coincide 
with Y since, for some y, E( y) < E. 


A5 (Assumption 5): The set T (or, given 
A3(b) and A4, more broadly, the set S~ = 


{yp > 0|-2rr(y*)yi < -Err y*)y, 
y = 0}) contains every nontrivial output 
vector from which an entrant can hope to 
earn a nonnegative net profit. 


24 Alternately, assume that the set Y = {y | z” (y) > 
E} is compact and satisfies a Kuhn-Tucker constraint 
qualification (see Peter Diamond and James Mirrlees, 
1971a, b for a discussion of these properties in a simi- 
lar context). Thus a y* exists which maximizes welfare 
over Y, and the Kuhn-Tucker conditions of this pro- 
gram, (1), are satisfied at y* 
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We show in Appendix B that the set T 
does contain all possible entrani vectors if 
demands are weak gross substitutes and 
“normal.” On the other hand, as we have 
mentioned, limiting entry threats to T is re- 
strictive if there are complementarities in 
demand. The advantage of using the larger 
set $- (the region bounded by the origin 
and the hyperplane S, whose slopes match 
those of the outer boundary of T at y*) is 
that it permits us to deal with a very broad 
range of complementarities in demand.” 


A6 (Assumption 6): (a) The total cost func- 
tion C(y) + E( y) has decreasing ray aver- 
age costs over S~ U S. (b) C(y) + ECy) is 
trans-ray convex on S. 

The cost concepts of A6 can be replaced 
by the somewhat weaker A6’.*© 


A6' (Assumption 6'): The total cost function 
C( y) + E(y) is strictly supported at y* by 
the pseudorevenue hyperplane H above $7, 
ie., C(y) + E(y) > P(y*)y fory € S~ and 
C(y*) + E = Ply*)y*. 

The virtue of this substitution is -that 
there may be costs which rise sharply with 
the introduction of a new product. In terms 
of Figure 5, this means that in practice the 
cross section of the cost surface above S$ 
may first increase and then turn downward 
as it approaches the axes, thus violating 
trans-ray convexity. Nevertheless, H may 
still serve as a support for the cost function 
above S~ and A6’ permits us to deal with 
this case. 

We now proceed with the proof of Theo- 
rem 2. First, we establish the connection be- 


25An alternative assumption can be shown to yield 
the result that all y4 that are potentially profitable to 
an entrant must lie in $7. The assumption asserts that 
for any potentially profitable y$ either the former 
monopolist can find a new vector of quantities which 
makes both firms viable, or p% is profitable in isolation. 
This premise amounts to the exclusion of any “‘destruc- 
tively parasitic entrant,” i.e., one who cannot operate 
profitably without the presence of the monopolist, but 
whose presence prevents the survival of the monopoly. 
The colorful label is inspired by the behavior of such 
biological villains as the strangler fig or the vine- 
destroying phylloxera—destructive parasites which 
simuitaneously commit both murder and suicide by 
strangling the host on which they depend for survival. 

26See Lester Telser, whose “kind characteristic func- 
tion” has analogous properties. 
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tween Ramsey optimality and the points in 
Y* at which the pseudorevenue hyperplane 
supports the total cost surface above S. The 
argument is a straightforward application 
of Kuhn-Tucker analysis. 


LEMMA 2: Let y* € Y*, and with S de- 
fined by A4, let the total cost function, 
Cly) + Ely), be locally (trans-ray) convex 
over S at Y*. Then, y* satisfies the Ramsey 
conditions (1) if and only if the pseudorevenue 
hyperplane defined by P{Y*} locally supports 
the total cost surface on S at Y*; i.e., if and 


only if 

(11) P(y*)y < C(y) + ECy) 

7 for yESMRN(y*) 
N ( y*) is some neighborhood of y* 
P(y*)y* = C(y*) + E 


where 
and 


PROOF: 

The relations (11) are tautologically equiv- 
alent to y* being a local maximum of the 
net pseudoprofit function P(y*)y — C(y) — 
_E(y) over S. Forming the corresponding 
Lagrangian, 


L= P(y*)y — C(y) — EC) 
+ pl Za" y*)y = Zai"(y*) yi] 


we obtain the Kuhn-Tucker conditions 
necessary and sufficient” for y* to be this 
local maximum of net pseudoprofit over $ 
and to satisfy (11). Since we are in the re- 
gion over which entry cost E(y) is at a 
maximal plateau (Al(b)), its derivatives 
E;,(y*) must all be zero. Therefore the 
Kuhn-Tucker conditions are 


P'(y*) — MC y*) + wa? y*) = 
for yř > : 
P'(y*) — MC y*) + ur (y*) < 0, 
for yF = 0 
and y* ES 
Since zri = MR; — MC; and, by construc- 
tion, r(y*) = E and y* € S, these condi- 
tions are equivalent to (1). 


27Note that this is true since total costs are assumed 
convex locally, so that net pseudoprofit is concave 
locally at y*. Further, S is a convex set defined by 
linear constraints, 
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We next show that cost assumption A6 — 


implies the support assumption A6’. 


LEMMA 3: Given the entry condition of 
Al(b) and A3, then A6 implies A6'. 


PROOF: 

Al(b) and A3 provide the context needed 
for Lemma 2 to apply. A6(b) implies that 
C(y) + E(y) is locally convex over S at 
y*. Then, with y* satisfying (1), Lemma 2 
asserts that the pseudorevenue hyperplane 
supports C(y) + E(y) locally over S at y*. 
But with the trans-ray convexity of A6(b), a 
local support is a global support. Hence, 
P(y*)y < Cy) + E(y), fory © S. 

Now, let y € S~ and define Ŷ to be its 
ray extension which lies in S. That is, yy = 
yp, with p © S. Clearly, by the definitions of 
Sand S7, y > 1, 


P(y*)y — Cy) — Ey) 
Z Z PO®S - C(9) — E(P) 


; ae + E(D) _ (2) . A(2))< r 
Y Y T 


To see that this expression is indeed nega- 
tive, note that the first term in square 
brackets is nonpositive since 9 € S. The 
second term is negative by declining ray 
average costs, A6(a) (see (5)). Thus, AO’ is 
established. 


Having shown the relationship between 
the Ramsey optimality conditions (1) and 
the condition that the pseudorevenue hyper- 
plane acts as a support for the total cost 
surface, we finally give our more general 
proof of Theorem 2. 


’ THEOREM 2: Given Al-A5, either A6 or 


A6` implies that the Ramsey optimum y* is 
sustainable. 


PROOF: 
Lemma 3 allows us to proceed using A6’. 
Thus P(y*)-y — C(y) < E(y) for y € 


S~. By AS, all nontrivial entry threats lie in y- 


S~. But the anticipated profits of an entrant, 


p’y’ — Cy‘), are not greater. than p”y’ — \ 


~~ 
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C(y’) = Pl y*)y* — C(y°), since p° < p”. 


Thus py — C(y*) < E(y’) over S, no’ 


entrant can anticipate covering his entry 
costs, and the monopoly is sustainable at 


y*, P(y*). 


B. Alternative Set of Assumptions for 
Weak Invisible-Hand Theorems 


We prove that assumptions A2(a), A3(b), 
and AS could be dispensed with, if we were 
to adopt the premise that the goods in N are 
weak gross substitutes for one another and 


- that demands are “normal,” as defined in 


A8. 


A7: The goods in N are weak gross substi- 
tutes. That is, a rise in prices of goods in 
N — fi} will never reduce the demand for 
good i: 


p' > P, pi = p > O(p') > Op) 


A&(a): (See Sandberg, 1974) Demands for 
the goods in N are normal, i.e., 


p' = p> > [O"(p') - Op’) 
-(pi — p?) <0 forsomei 


This latter premise asserts that whenever 
one set of prices is replaced by another, 
there is at least one good whose demand 
moves in the opposite direction from its 
price.” If the price of only one product is 
changed, the response in the quantity de- 
mand will be normal (its demand curve will 
have a negative slope). Moreover, no matter 
what the two sets of prices, the premise pre- 
cludes demand interdependencies among 


- the various goods so strong as to cause all 


quantities to respond perversely to the price 
changes. 

It is easy to see that with such demands, 
there is a unique price vector which calls 
forth each vector of quantities.” 


LEMMA 4: If demands for goods are nor- 
mal (A8(a}), then there is a one-to-one rela- 


281t is well known (see Paul Samuelson, for example) 
that integrable compensated demands have this prop- 
erty for all but price changes that are proportional 


"across the board. 


29Of course, in the background are fixed outside 


/ prices and incomes. 
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tionship between market prices and demand 
vectors (A2(a}). 


PROOF: 

Suppose the contrary: i.e., p! = p? and 
O(p') = QO(p’). This immediately contra- 
dicts A8(a). 


Sandberg has proved that A2(c), A7, and 
A&(a) together imply that all prices are 
nonincreasing with quantities. If greater 
amounts of one or more goods are to be 
sold, then no prices may rise, and at least 
one must fall. 


LEMMA 5: (See Sandberg) A2(c}, A7, and 
A8(a} together imply that aP'(y)/dy,; < 0, 
Vi, j. 


PROOF: 

(See Sandberg, 1974) A self-contained 
proof, provided to us by Thys ten Raa, is 
given here. Consider two vectors of outputs, 
y' and y*, Without loss of generality, we 
show that when the demand of only one 
good (good /) increases, then no price in- 
creases. Assume 


(12) yi <y} and yi= yi, iwi 


x \ 

Define K = {k|pl > pz} and L = 
{|p} < pF}. We will show that L is the null 
set. Define p? as follows. For k € K, 
pè = pland forl € L, př = pł. Thus, each 
component of p? is the larger of the corre- 
sponding components of p' and p’. Since 
pi = p? for! € Land pj > pj for k € K, 
A7 (weak gross substitutes) implies that 


(13) V2Viy HEL 


Suppose L is not empty. Then p! # p? and 
p! < p°, so A8(a) (normal demands) implies 
that there is an m with (ph — pL) - 
y2,) < 0. Since Pr = pý for k € K, m must 
be in L, with yh > Then, using (13), 
yl, > yå. But this contradicts (12), so it is 
proven that Z is empty, and the result is 
established. If, moreover, A2(c) is assumed, 
then 6P'(y)/ dy; < 0, Ki, j. 


We need to strengthen this result slightly 
by assuming that each product’s demand 
curve is downward sloping with no critical 
points. 
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A8(b): At any y, for each i, AP'(y)/dy,; < 0. 
We also need this technical condition: 


A9: The Ramsey program of choosing y to 
maximize welfare over Y admits strict com- 
plementary slackness in the Kuhn-Tucker 
conditions. That is, the necessary condi- 
tions (1) can be replaced by the slightly 
stronger conditions (1’) 

1’ ° 

pë — MC; = -MMR — MC) for yf > 0 
pi ~ MC; < ~A(MR; — MC,) for y¥ = 0 


with w= E and A>O 


With these new assumptions, we can es- 
tablish A3(b). 


LEMMA 6: Under A2(c), A7, A8, and A9, 
if y* is the Ramsey optimum given by A3{a), 
_ then xfy*) < 0. 


PROOF: 
By definition 
m(y*) = MR; — MG = 
dP/( y* 
Pi(y*) — MC(y*) + 2) yy rae) 
j i 


Together with the conditions (1'), this yields 


l ðP y*) 
iv*¥) = Me 
(4) mW") = yd 





j OY; 
for yF > 0 
l aPi(y*) 
( p* ge een Aan 
(9) ODS ea = 
for yf = 0 


Lemma 5 gives us ðP} y*)/dy,; < 0. Then, 
(15) immediately yields, recalling that 
à > 0, m(y*) <0 for y¥ = 0. With yž > 
0, yž (OP *( y*)/ay,) < 0 by A8(b), and then 
(14) implies that r¥(y*) < 0. 


It can be seen that this result is surpris- 
ingly sensitive to the assumptions. In par- 
ticular, it is easy to construct well-behaved 
counterexamples with two complementary 
goods.” 


30Willig, Baumol, and David Bradford are preparing 
a paper in which these matters are discussed. 
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What is most interesting for our present 
purposes is that assumption A5 can be 
shown to be unnecessary for demands 
which are normal and weak gross substi- 
tutes. To show this we first prove 


LEMMA 7: A7, A8&(a} and continuity of 
demands imply 


(16) r° = pays — Cy) 
<Q) Pia, Ova) yf — CLA) = ay) 
iCA 

where Oy, symbolizes the vector of zeroes 
for the products not produced by the entrant. 
Here (16) asserts, in effect, that 7°, the en- 
trant’s profit from the production of y4 in the 
presence of the former monopolist, will never 
exceed w"{ y4), the amount a monopolist 
could earn by producing the same quantities. 


PROOF: 
Referring to Definition 1 (of sustainabil- 
ity), 
Tf = paya — C(y4), where 
Pa < pa and y4 < Q4(P4, P-a) 
From the definitions, 


(17) m”(yá) -n° 
a > yiLP'(¥4,0n-4) — pi] 
ica 
Note that, by construction, (y§, Ov_,) < 
Ol p4,pr—4). Then, under A7, A8(a), and 
continuity, Sandberg’s theorem (the differ- 
entiable version is here in Lemma 5) yields 


P( y3, Ova) > P{Q( på, PR_a)l 
= (pi, PN-a) 


In particular, for i Œ A, Pi€y4, Oy-4) > 
p;. Hence, the right-hand side of (17) is non- 
negative, and (16) follows. 


COROLLARY: A2/(c), A7, and A8(a) imply 
AS, 


PROOF: 
T° > E(y4) implies r"(y4) > E(y4), by 
Lemma 7. 


Thus, with demands that are normal and 
for goods that are all weak gross substi- 


wt, 


yo 


Ne 
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tutes, an entrant can earn at least as much 
profit alone in the market as he can in the 
presence of the former monopolist. How- 
ever, Lemma 7, like Lemma 6, is very sensi- 
tive to its assumptions. For example, in the 
case of two complementary goods, the sin- 
gle product entrant may well be able to 
earn far more, when the former monopolist 
offers the other good, than he can earn in 
isolation. Fortunately, however, even in 
such cases, AS can still hold. Where there 
are many goods, some substitutes and some 
complements, (17) will not hold for all en- 
trant output vectors, while AS may well 
remain plausible. 
Finally, we have 


THEOREM 4: Given Al, A2(b), A2{c), 
A3(a}, A4, A7, A8, and A9, either A6 or A6’ 
implies that the Ramsey optimal prices are 
sustainable. 


PROOF: 

Lemmas 3, 4, 6, and 7 show that these as- 
sumptions together imply Al-A6. Thus, 
Theorem 2 applies. 
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Risk and the Theory of Indexed Bonds 


By NISSAN LIVIATAN AND DAVID LEVHARI* 


In inflationary times there is a tendency 
on the part of economists to favor the intro- 
duction of bonds linked to the price level 
of commodities. Usually these proposals 
relate to government issued linked bonds, 
which are supposed to protect the public 
against the “inflation tax,” or to provide a 
financial asset in which the public could 
invest instead of increasing purchases of 
commodities, ! 

Recently, however, there is a tendency 
among economists to think that linked 
bonds could also be introduced in the pri- 
vate capital market for handling inflation 
risks more efficiently. For example, in a 
recent article in Fortune magazine, Milton 
Friedman recommends issuance of linked 
(“indexed”) bonds by government and goes 
on to state that “the arrangements sug- 
gested for government borrowing could 
apply equally to long term borrowing by 
private enterprises” (p. 174). We may also 
mention the paper by Marshall Sarnat, who 
uses a formal portfolio selection model to 
explain the gain in risk reduction for inves- 
tors by the introduction of linked bonds. 

The foregoing views do not seem to have 
been adopted by the actual participants in 
the capital market. In spite of recent 
marked inflationary trends the important 
capital markets have not developed a sig- 
nificant free (private enterprise) market for 
linked bonds. This phenomenon calls for 
an explanation. Some people may argue 
that there has not been sufficient time for 
the capital markets to adapt themselves to 
the current high rates of inflation, and that 
an important market for linked bonds will 
emerge in the future if the current tenden- 
cies continue. This, however, is doubtful 
since even in countries with a long inflation- 


*Professors of economics, Hebrew University, Jeru- 
salem. This research was conducted at the Maurice 
Falk Institute for Economic Research. 

iSee, e.g., George Leland Bach and Richard A. 
Musgrave and Richard Goode. 
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ary experience we hardly find a private (as 
distinct from government) market for 
linked bonds. We are therefore led to ques- 
tion whether there exist some fundamental 
reasons which may inhibit the linked bonds 
market to develop to a considerable scale 
as the value of money becomes increasingly 
less stable. 

In this paper we shall attempt to con- 
tribute to the understanding of the fore- 
going problem. Our approach to the prob- 
lem is based on the risk aspect. Clearly, 
when no risk is involved, the anticipated 
inflation is taken care of by a proper in- 
crease in the nominal rate of interest. The 
linkage of bonds to the general price level 
is therefore related to uncertainty regarding 
the real value of monetary transactions. It is 
therefore in terms of risk aversion that we 
shall try to approach the problem. Our 
basic variable will accordingly be the vari- 
ance of the value of money and not its ex- 
pected value. 

A basic feature of our approach is to 
analyze the problem in a context of a mar- 
ket equilibrium. In particular, there is a 
tendency to consider the advantages of 
linkage only from the point of view of the 
lender. However, in a market equilibrium 
the transaction has also to be satisfactory 
to the borrower. This constraint will be 
shawn to have far reaching implications. 

We shall first try to rationalize the bias 
that so many economists tend to have in 
favor of linked bonds. We shall show that 
this bias probably results from viewing the 
bond market in isolation from other assets 
and incomes which are subject to inflation 
risks. Once this is recognized the condition 
for dominance of linked over nonlinked. 
bonds no longer holds. 

Turning to the more important questions 
we must admit at the beginning that within 
the framework of our model we cannot ex- 
plain the complete nonexistence of a market 
for linked bonds alongside with one for 
nonlinked bonds. Presumably this explana- 
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tion requires the introduction of transaction 
costs and discontinuities of various kinds 
(such as different interest rates for lenders 
and borrowers). Since however it is not our 
purpose to explain the complete nonexis- 
tence of a market for linked bonds we shall 
not introduce the above complications. Our 
purpose is rather to explain, given some 
market for linked bonds, why a growing un- 
certainty concerning the real value of 
money does not necessarily result in an 
increasing size of the market for linked 
bonds at the expense of the market of non- 
linked bonds. Our fundamental result is 
that while growing inflationary uncertainty 
stimulates demand for linked bonds it dis- 
courages at the same time the supply of 
those bonds. (An opposite development oc- 
curs with nonlinked bonds.) Thus the key 
to the paradox seems to lie with the bor- 
rowers’ issuance of linked bonds. 

We shall use throughout a very simple 
model of an exchange economy and a com- 
posite commodity to clarify the ideas. This 
can serve however as a basis for extensions 
to more general cases. 


I. Dominance of Linked Bonds 


Consider an individual consumer with a 
two-period planning horizon. The indi- 
vidual consumes a single perishable com- 
_modity and has a demand for real cash 
balances. In the first period he has an en- 
dowment of y, units and consumes c units 
of the commodity. He also has an endow- 
ment of W nominal dollars and wishes to 
hold M dollars, which yields direct utility as 
a consumer’s good. He also spends B, dol- 
lars on nonlinked bonds (By is negative for 
borrowers). Assuming for the moment no 
linked bonds, his budget constraint for the 
first pericd is given by 


(1) ply — c) + (M - M) = By 

_ where p, is the price of the commodity in 
dollars. Let W denote the dollar value of 
his wealth in the second period. Then 

(2) ` W = M + iB + Pryr 


where i is one plus the nominal interest rate 
on bonds and p, is the price of the com- 
modity in the second period. The real value 
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of W is then 


gy = 
P2 
where m = M/p,, by = By/P,, T = Pi /P2- 
Suppose that p,, and hence vr, is the only 
basic random variable in the system. Then 
the expected value of w (denoted W) and its 
variance (denoted V) are given by 


(4) 


= w= (m + iby)a + y, ° 


W = (m + iby) + Ya 
Vy, = (m + ibyyV, 


where V, is the variance of the value of 
money. a 

Consider two individuals who engage in 
a transaction involving nonlinked bonds, 
i.e., for the lender by > O and for the bor- 
rower by < 0 and of equal absolute amount. 
If both individuals have no demand for 
money (m = 0) then it can be shown that 
their nonlinked transaction is dominated: 
by a linked one, assuming both individuals 
are risk averse and have the same 7. 

The linked transaction involves lending 
(borrowing) an amount of B, dollars and 
receiving next period rB,(p,/p,) where r is 
one plus the real interest rate and p,/p, rep- 
resents the linkage factor. The value of w 
under pure linkage is then 


(5) w= mnr-+rb, + yr 


where b, = B,/p,. Analogously to (4) we 
now have ; 


(6) wWw=ma+ rb, + yo, K, = my, 


Consider linked and nonlinked transactions ` 
as mutually exclusive alternatives and let ` 
b = by = b,. Let us set r to be equal to iF 
(the price deflated nominal interest factor). 
Then, given the nonlinked transaction, the - 
linked one will have the same expected 

value. However, if m = 0 we have V, = 0 
under the linked transaction while V, = 
(ib, V. > O under the nonlinked one. Ap- 
plying the mean-variance criterion to w we 
find that both the lender and the borrower 
will prefer to switch from the nonlinked- 
transaction to the linked one. The foregoing 
result may.also be applied to the nonlinked 
part of any mixed (linked and nonlinked) 
transaction. Hence there cannot exist a, 
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market for nonlinked bonds, since they are 
dominated by the linked ones. This may be 
considered as a possible rationalization of 
‘the economists’ “bias” towards linked 
bonds. Thus, linked bonds eliminate un- 
necessary risk bearing by both lender and 
borrower. 

This result is no longer true when the in- 

dividuals hold positive amounts of money 
or expect any nominal incomes in the next 
period (wages). Denoting the variance of w 
under nonlinked and linked transaction by 
Vy and ¥,,, respectively, we find 
(7) Voy — Yo, = ib(2m + ib) V; 
This is always positive for the lender (b > 0) 
who will therefore prefer the linked trans- 
action (assuming as before r = iF). How- 
ever, if the borrower is still to prefer the 
linked transaction we need the condition 
2m + ib < O,or 


(8) -b > 2m/i 


i.e., the absolute value of the loan must be 
sufficiently in excess of his money holdings 
and his expected nominal incomes. If how- 
ever these monetary assets are in excess of 
his borrowing (by a proper factor) then the 
borrower will prefer the nonlinked transac- 
tion. Thus we have no longer unambiguous 
dominance of linked bonds. 

The economic explanation for this basic 
difference in the attitudes of lenders and 
borrowers to linkage is simple. For the 
lender an increase in the price level reduces 
both the real value of his monetary holdings 
and of nonlinked bonds. However, for the 
borrower, while this will still reduce the real 
value of his monetary holdings, it will at the 
same time reduce the real burden of his 
debt, and hence tend to increase his net 
wealth. Thus for the borrower, nonlinked 
bonds provide a hedge against inflationary 
losses of real balances.” 

It may be noted that the condition 2m + 
ib > 0 rules out the possibility of domi- 
nance of linked bonds for r = i7 but not 
necessarily for other r < iT. Indeed, if we 
setr < iw then, in some cases we may find 
a sufficiently low value of r which will in- 


2A similar point has been made in C. G. Fane. 
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duce the borrower to borrow linked and 
will still leave the lender better off in the 
linked rather than in the nonlinked alterna- 
tive. There is, however, no special reason 
to believe that this will be the case. It is 
still likely that no r can be found which will 
make the linked transaction acceptable to 
both parties involved. 

The foregoing analysis may suggest that 
the more important is the nonlinked sector 
in the economy, the smaller is the chance 
of a market for linked bonds to develop to 
sizeable proportions. It also suggests that 
if during the inflationary process an in- 
creasing proportion of nominal incomes 1s 
being “indexed” the chance of a linked 
bonds market to develop increases. This is 
based on the observation that in the ex- 
treme case where all nominal incomes and 
money become linked, then the linked 
bonds must dominate the bond market. 
Hewever, some further analysis shows that 
using the extreme case of full linkage as an 
indicator for the effect of partial linkage of 
incomes may not be very useful. (We shall 
omit the elaboration of this statement.) As 
a tentative conclusion we suggest that the 
linked bonds market will gain in relative 
importance as the proportion of linked in- 
comes becomes sufficiently large. 


Ii. Mixed Portfolio 


The dominance of linked bonds when 
m = Q can also be established directly for a 
market in which we have both linked and 
nonlinked bonds. The market for nonlinked 
bonds becomes active only when we have 
nonlinked assets (represented by m) in the 
economy. In fact, the size of the nonlinked 
assets places a constraint on the equilibrium 
size of nonlinked borrowing. 

When the consumer may hold a mixed 
portfolio his budget equations become 


(9) by = y ~C+m—m — b; 
w= (m + iby)a + rb, + ya 


Let us assume the following expected utility 
function: : 


(10) U = ul(c,m) + f(W, Vo) 


which is based on the mean (W) — variance 
(Y,) approach. The first-order partial deriva- 
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tives satisfy ue, Un, fr > 0 and fy < 0, 


where u, is the partial derivative of u with 
respect to c and similarly for the other par- 
tials. The first-order conditions with respect 
to the three independent variables (c, m, b,) 
can be rearranged to read as follows (see the 
Appendix): 


d) = 


Lar 
Se 

(12) Mey tie 
u, i—i 


(13) if — r = S(m + iby); 


Si 2{ Alva >o 


W 


The first two tangency conditions have an 
obvious interpretation. The last condition is 
' obtained from the following: 


(13°) 
dU cc 
k 


where c and m are held constant and by is 
considered as a function of b, by (9). Equa- 
tion (13) shows that ifm = 0, the individual 
will always /end nonlinked if there is a pre- 
mium on nonlinked bonds, i.e., if 77 > r. If 
m > 0 then the individual may also borrow 
nonlinked under the foregoing condition 
but his borrowing can never exceed his 
monetary holdings. Thus it is the hedging 
principle which governs nonlinked borrow- 
ing. 

We can first reaffirm the result obtained 
earlier ccencerning the disappearance of the 
market for nonlinked bonds when m = 0 
for all consumers. For in this case, as- 
suming the same 7 for everybody, we have 


by (13) 
sign(i# — r) = sign by 


Hence, by has the same sign for everybody. 
However, in a market equilibrium lenders 
must be matched by borrowers. Conse- 
quently, a market equilibrium can exist only 
with by = 0 for everybody and iF — r = 0.3 


3A somewhat similar result has been obtained in a 
recent paper by Stanley Fischer. One may use our ap- 
proach for an intuitive interpretation of his result. 
Note, however, that if # differs among individuals we 
can have a market for nonlinked bonds even if m = 0. 
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If however m > 0 then 
sign (iF — r) = sign(m + iby) 


In this case we cannot have a negative risk 
premium for nonlinked bonds, iF ~ r < 0, 
because then by <0 for everybody (i.e., 
everybody wants to berrow nonlinked) and 
no market equilibrium exists. The same is 
true for ių — r = 0. The only possibility 
which is consistent with both positive and 
negative by, and therefore with market 
equilibrium, is a positive risk premium, i.e., 
if —r> 0. . 

It can be seen that the amount of non- 
linked borrowing is related to the monetary 
assets. Since m + iby is positive in equilib- 
rium, we have —by < m/i. Any borrowing 
in excess of m/i will necessarily involve 
linked bonds. 

The foregoing condition shows that the, 
size of monetary assets and incomes places 
an upper bound on the amount of non- 
linked borrowing. This suggests again that 
the importance of the nonlinked bond sec- 
tor is related to the weight of nominal (non- 
linked) assets in the economy. We should 
remind the reader that for the purposes of 
the present analysis m should include not 
only cash balances but all nonlinked in- 
comes expected in the next period. 


Ill. Unstable Value of Money and the Volume 
of Linked Bonds 


We have seen that instability in the real 
value of money does not imply any sort of 
dominance of linked over nonlinked bonds. 
Is it however true that as the instability of 
value of money increases the market will 
exhibit an increasing tendency to shift from 
nonlinked to linked bonds? To analyze this 
question, we shall consider the effect of an 
increase in V, on the volume and the value 
of transactions in linked and nonlinked 
bond markets. We take V, as our indepen- 
dent variable because it is the unanticipated 
variation in m which is at the heart of the 
linking procedure. 

Let us deal with a mixed market (linked 
and nonlinked bonds) and consider the ef- 
fect of increasing V; on the volume of trans- 
actions in the linked and nonlinked mar- 
kets. We can approach this problem by 
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working out the reactions of the individual 
consumer to this change. To simplify the 
analysis we shall assume uem > 0 and a 
quadratic f in (10): 


(14) SW, Wo) = aw — BW + V) 


with a, B > 0, and a — 28w > 0. By dif- 
-ferentiating the individual’s equilibrium 
conditions (11)-(13) with respect to Wy, we 
obtain the following changes in the optimal 
values of c, m, bı, and by (one of these 
derivatives can be obtained from the others 


by (9)):* 





db, dm dc 
(15) WV. > 0, ay, < PT 
(15% abi <0 if r> F 





dV, 

Thus an increase in the variance of the 
value of money increases the demand for 
linked bonds at the expense of all other 
decision variables. All this is based on the 
assumption that m + iby > 0 which is re- 
quired for market equilibrium as we saw 
earlier. In fact, reversing the sign ofm + iby 
would reverse the sign of the derivatives in 
(15). We also used the condition iF > r 
which is again derived from market equilib- 
rium. This latter condition is however not 
required for the result db,/dV, > 0 or for 
dby/dV, < 0. As for dby/dV, the condition 
r > # is sufficient but not necessary. This 
condition will certainly be satisfied in infla- 
tion (7 = E(p,/p:) < 1) if the real rate of 
interest (r — 1) is nonnegative. Although in 
a model without production the latter con- 
dition is not necessarily satished, it seems 
still reasonable to suppose that 7 < r holds. 

The main fact which we wish to empha- 
size with respect to db, /dV, > 0 (as well as 
dby/dv¥, < 0) is that it holds for both lender 
and borrower of linked bonds. Thus, while 
for the lender (b; > 0) there will be a ten- 
dency to lend more when V, increases there 
will be at the same time a tendency for the 
borrower (b; < 0) to borrow less. Since the 
supply of linked bonds shrinks at the same 


4For the derivation, see the Appendix. It may be 
noted that the result de/dV,. < 0 is due to the existence 
of linked bonds. If only nonlinked bonds were allowed 
the effect on c would be reversed. 
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time as demand expands, it is not clear at 
all what the effect on the volume of trans- 
actions will be. 

The economic interpretation of this fun- 
damental result is as follows. An increase 
in K, increases the riskiness of the net non- 
linked financial assets (m + iby). Since 
these are positive for both lender and bor- 
rower in the linked market, an increase in 
VY. will induce them both to reduce their 
m + iby and channel. the freed resources 
into linked bonds. For the linked lender this 
implies additional lending (increased de- 
mand for linked bonds) while for the linked 
borrower the reduction in (m + iby) is used 
to reduce his linked debt (decreased supply 
of linked bonds). Indeed, if we look at (13’) 
we see that an increase in V, increases the 
marginal expected utility of 6, if m + 
iby > 0, leading to increased demand and 
decreased supply of linked bonds.’ 

In order to appreciate this result, we may 
ask if there is any reason at all to expect 
supply of linked bonds to increase as V, in- 
creases? An argument which points in this 
direction is the following one. Suppose that 
there are many borrowers who borrow both 
linked and nonlinked. Now as V, increases, 
their nonlinked debt becomes more risky in 
real terms. Consequently, the borrower will 
tend to reallocate his borrowing so as to 
increase the proportion of linked at the ex- 
pense of nonlinked borrowing. This implies 
that an increase in V, will increase the sup- 
ply of linked bonds, contrary to the conclu- 
sion derived from our model. 

What is wrong with the foregoing argu- 
ment? The main point which is wrong is 
that the individual does not consider the 
riskiness of nonlinked borrowing as such 
but rather the riskiness of his total non- 
linked assets and liabilities which are given 
by m + iby. If m + iby were negative, the 
foregoing argument would still apply. How- 
ever, market equilibrium imposes the re- 
quirement that m + iby be positive even for 
by < 0. The increased V, calls therefore for 
a reduction in a positive m + iby which, 
given m, implies increased rather than re- 


Norte that fy and Jy „are independent of V, under 
assumption (14). 
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duced nonlinked borrowing. This will re- 
duce the need for linked borrowing, thus 
causing a reduction in the supply of linked 
bonds. 

Turning to the nonlinked market we find 
again that an increase in V, results in coun- 
teracting tendencies. As the increase in V, 
induces a reduction in m = iby, which is 
positive, individuals will reduce their de- 
mand and at the same time increase their 
supply of nonlinked bonds. Again, in order 
to appreciate the role played by the market 
equilibrium constraint in the foregoing 
analysis, suppose hypothetically that for 
nonlinked borrowers m + iby < 0. An in- 
crease in V, will then induce them to reduce 
the absolute value of m + iby, which (given 
m) implies a reduction in their nonlinked 
borrowing, i.e., a reduction in the supply of 
nonlinked bonds. Since for lenders in the 
nonlinked market an increase in V, reduces 
demand for nonlinked bonds, we find that 
both supply and demand for nonlinked 
bonds decrease leading to contraction of the 
volume of transactions in this market. How- 
ever, this state of affairs is ruled out by the 
market equilibrium constraint which re- 
quires m + iby to be positive for lender and 
borrower alike. We are thus left inevitably 
with the counteracting tendencies of de- 
mand and supply in the market for non- 
linked bonds. 

Let us illustrate our analysis of the effect 
of V, on the market for linked bonds. De- 
fine a unit of linked bonds as an obligation 
to pay in the next period the value of one 
unit of the commodity (here we assume for 
simplicity p, = 1). The real market price of 
this is 1/r.° If e, denotes the number of 
linked bonds then b; = (l/r)e,. In Fig- 
ure | we draw the excess demand curve of 
the consumer for e,, denoted EE’ for 
r < iv. Defining negative excess demand as 
“supply” we may shift the 4E part of EE’ 
to the positive quadrant and consider AS 
as the individuals’ supply curve. An in- 
crease in V, increase b; for all r < iF. 
Hence, rb, increases at any r and EE’ shifts 


6This equals the marginal future expected utility of 
one safe unit of the commodity divided by the mar- 
ginal utility of current consumption, as can be inferred 
from (11). 
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to the right. However, a shift of EE’ to the . 
right at any r implies a shift of all individ- 
uals’ demand curves to the right and at the _ 
same time a shift of all their supply curves 
to the left. Thus the market demand curve 
shifts to the right and the supply curve shifts 
to the left, which may leave the market 
equilibrium volume unchanged (this refers 
to r < iT, the relevant range for market 
equilibria). 
The foregoing analysis indicates there will - 
be a tendency for the price of linked bonds 
l/r to increase as a result of an increase in 
V.. If the shifts in the market demand and 
supply curves for linked bonds neutralize 
each other then the volume of transactions 
will tend to remain constant while its value 
(|b|) will increase approximately propor- 
tionally to the increase in 1/r. Alternatively, 
the value of linked transactions will tend to 
remain constant in terms of next period’s 
resources (e,) while it will increase in terms . 
of current resources. On the whole, we can 
state that the tendency to shift to the linked 
market as a result of an increase in V, is 
limited because of an absence of a definite 
change in the volume of these transactions. 


IV. The Source of Inflation 
and the Market for Bonds 


Throughout our analysis we treated the 
expected price changes as being exogenous, 
while from a macro-economic point of view 
the price variation itself is caused by more 
fundamental factors. It is therefore neces- 
sary to examine the relationship (if any) 
between the source of inflation and the ten- 
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dency to link bonds. As will be shown be- 
low, there is a basic distinction between the 
two main types of inflation—a purely 
monetary inflation and an inflation which is 
intended to tax the real resources of the pri- 
vate sector. 

Let us consider first a purely monetary 
inflation where the government prints 
money to make transfer payments to indi- 
viduals. These transfer payments constitute 
the basic exogenous random variable of the 
system. Let us return to the model of Sec- 
tion HI and extend it by adding a random 
nominal transfer payment T, to the next 
period’s income of individual j. The individ- 
ual’s real wealth in the next period is then 


(16) wW; = (m; + iby) T + tin + rbi, + Yj 


where t; = T;/p,. 

Now from a macro-economic point of 
view, the payments 7;1n the economy as a 
whole will of course affect p, and hence 
also r. Let us take this relationship into ac- 
count by adopting a quantity theory ap- 
proach. In particular let us assume that the 
value of real balances in the economy in 
the second period (A) is a constant’ (the 
amount of goods in the second period being 
constant) independent of the distribution of 
individual 7; 

(17) ZM; + 27) _ y 

P2 
where the summation is over all individuals 
j= 1,...,n. We can write (17) alternatively 
as : 


(18) Dur =\- 7), 
Jj 


Define the regression coefficient 


Gps Cov(1;7, T) 
ee eee 


r 


Then summing over all individuals and 
using (19) we obtain 


The value of A can be made to depend on interest 
rates and on parameters of the distribution of w with- 
out affecting the following results. 
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>, Covlt;x, 7) 
1) DAe sy 


Col Styx, E 
~ AZinr) yn 


Thus on the average (over individuals) the 
real value of transfer payments must vary 
inversely to the real value of money in order 
to keep the aggregate value of real balances 
constant. From (16) we obtain 


(20) Vy, = (m; + ib nj) V, + Var(t;4) 
+ 2(m; + iby;) Cov(t;7, m) 


Hence 





aV,,. . 


j 


The modified first-order condition of opti- 


mality with respect to b; can then be written 


analogously to (13) as 
(22) if —r= S(m; + A; + iby,) 


where $; > 0. 

We shall now show that if price expecta- 
tions are determined according to the quan- 
tity theory assumption (17) then in a market 
equilibrium the risk -premium iz -r is 
zero. This is a major difference compared 
with our earlier analysis where the premium 
was positive. 

To prove the foregoing proposition 
suppose, to the contrary, that iz — r > 0. 
Then, since S; >-0, we have m; + A; + 
iby, > 0, for all j. Summing over j we obtain 


(23) Zm; + LA; + iZby, > 0 


But 2A; = — 2m, by (19) and in a market 
equilibrium Zm; — 2m, = 0. Hence, (23) 
implies by, > 0 which contradicts the 
market equilibrium condition 2 by, = 0, 


Similarly, one can show that ir -r < 0 is 
inconsistent with market equilibrium. The 
only case which is consistent with market 
equilibrium in the money and bond markets 
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is then i# — r = 0, a zero-risk premium on 
nonindexed bonds.’ 

The fact that i# — r = 0 implies by (21) 
that m; + A; + iby, = 0 for all j. This has 
various implications which we explore 
presently. In the earlier sections we treated 
V, as an exogenous parameter and analyzed 
its effects on the economic system. In the 
present model, however, p, and r are them- 
selves determined by the variability of 27;. 
Suppose we change the distribution of 27; 
in such a way that V, changes while 7 re- 
mains constant, and analyze the effect of 
the foregoing change on the individual’s 
optimal behavior, holding all other param- 
eters constant. 

As m; + A; + iby, = 0 for all j, we may 
take this equation combined with the first- 
order conditions (11) and (12) to determine 
the individual’s m, c, and 6,. Notice that in 
the quadratic case discussed f; = a — 26W 
and none of these equations involve V, and 
hence the individual behavior is indepen- 
dent of the variance of the purchasing 
power of money. This is under the assump- 
tion that A; is not affected by V,, which 
seems to be an admissible assumption as it 
has been observed that in the aggregate 
ZA, = —2mM,; which depends (directly) only 
on an economic market variable p, and not 
on the statistical parameter V,. Suppose for 
example that A; = A for all individuals’ so 


8Query: Why should the lender (by > 0) wish to hold 
nonlinked bonds when they command no premium 
over the linked ones? The answer lies in the relation be- 
tween the variability of bya and ta. Suppose that for 
our lender A; < 0 (as it is on the average). Now 
Cov(by.%, Lr) = by. Cov(x, tjm) = by A; VY. < Oif 
by, >Qand A; <0 as assumed. Hence by is a hedge 


against variability in the real value of transfer pay- 
ments t;7. It is this hedging property of by which con- 
stitutes a “premium” for the buyer of nonlinked 
bonds. It is interesting to note that now by is a hedge 
in two different senses—a negative by is a hedge 
against the variation in the real value of money while 
a positive by is a hedge against the variation in the real 
value of transfer payments (under the quantity theory 
assumption). 

?It can be shown that if Aj; = A and t; = t for all in- 
dividuals then in equilibrium V, = 0. Thus every in- 
dividual will find it optimal to manipulate his m, and 
by, so as to eliminate completely the uncertainty in 


his future wealth. 
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that A = —m, where m = È M,/np,. Now, 
since V, does not affect individuals’ excess 
demands it cannot affect p, and con- 
sequently A remains unchanged. Thus un- 
der the foregoing assumptions the economic 
system is invariant to a change in V, 
(through 27;), when 7 is held constant. In 
particular an increase in V, does not create 
a tendency to shift from nonlinked to linked 
bonds. 

It has been noted (fn. 8) that even under a 
purely monetary inflation there exist mo- 
tives to lend and borrow in the nonlinked 
market. It can be seen however that, under 
these circumstances, the existence of an ac- 
tive market for nonlinked bonds is based 
on differences among individuals concerning 
their demands for money or their monetary 
transfer payments. Thus suppose that A; = 
A = —m, Then by (22), and if — r = 0, 
we have m; - m = —iby,. Thus the vari- 
ability of by among consumers is just the 
counterpart of the variability of m; around 
the population mean. If m, = m for all con- 
sumers than by. = 0 identically and the 


market for nonlinked bonds disappears. ' 

Another example where homogeneity on 
the monetary side leads to the disappear- 
ance of nonlinked bonds is where the pro- 
portion of transfer payments relative to 
planned money holdings is the same for all 
individuals, so that 7;/M; = 27;/2M, for 
all j. This is equivalent to the government 
making random “interest payments” (which 
can be negative) on money holdings. A sim- 
ple calculation shows that in this case A; = 
—m,so that the condition m; + A; + iby, = 
0 implies by, = 0 forall j. In writing (16) as 
W; = (m; + l; r + iby, T “+ Yy + rb, we 
note that in the present example (m; + t)r, 
given m,, is a constant independent of H. 
Thus (“compensated”) money ceases to 
contribute io the riskiness of w. We know 
however from Section I that this leads to 
dominance of linked over nonlinked bonds, 
and hence to the disappearance of the latter 
market. Thus in order to have a diversified 
bond market under monetary inflation we 
need heterogeneity among individuals on 
the monetary side. 
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We should point out that not every kind 
of endogenous inflation leads necessarily to 
a zero-risk premium of nonlinked over 
linked bonds as in the case of a purely 
monetary inflation. Consider alternatively a 
“functional inflation” which is intended to 
finance the transfer of real resources from 
‘the private sector to government use. Then 
we can show that a positive risk premium 
will prevail in the market. Our reasoning is 
as follows. 

Suppose that in the latter type of infla- 
tion the government prints money to pur- 
chase goods from the private sector. The 
variation in the size of these purchases can 
then be taken as the basic source of random 
variation of the price level in the economy. 
However, this government deficit-spending 
does not represent (in an exchange econ- 
omy) transfer payments in the sense of in- 
comes of individuals but rather payments in 
exchange of goods. Thus we can express 
w; as w; = (m; + iby) 1 -+ rb,, + (yy — 
g;) + z; where g; represents the units of the 
commodity acquired by the government 
from individual j in exchange for z, units 
of real money. Since this is an act of ex- 
change, we have z; = g; and the wealth 
equation becomes again w; = (m; + 
iby) F rb, + Yz.» 

The mechanism by which the government 
induced the private sector to give up con- 
sumption of real goods is through a reduc- 
tion in real cash balances represented by 
m;x. This reduction in turn is caused by the 
inflationary injection of the new money, 
which equals (2z,)p.. (The total supply of 
real money in the economy in the second 
period is then given by 2m, + (2z,).) 

The previous discussion indicates three 
components of wealth changes in the sec- 
ond period. The first is the reduction in real 
endowed commodities; the second is the in- 
crease in real money in exchange for the 
commodities, while the third component is 
the reduction in the real value of money 
balances transferred from the first period. 
The net change equals the last component. 
It follows from this discussion that the in- 
dividual wealth equation remains of the 
same form as in Sections I] and II. Conse- 


JUNE 1977 


quently, all our previous conclusions con- 
cerning the sign of the risk premium and 
the effect of a change in V, remain unaltered 
(in the present model V, is, of course, a 
function of the variance of 2g,). 


APPENDIX 


Let us derive the expressions for the ef- 
fect of V, on our dependent variable in the 
mixed portfolio (linked, nonlinked) model. 
The consumer’s problem is maximize U = 
u(c,m) + aW — B(W + V,) with respect 
ta c, m, and b; where 


W = (m + iby) + rb, -+ y2 
Vy = (m + iby)? V, 
by = y -c+tmñm-m-—b 
The assumptions about the properties of U 


are stated in the text. 
Differentiating U we obtain 


(Aly Wsu- ik=0 

dc 

a ae oe 
(A2) an = Uy, (i l)k 0 
(A3) ŽU = rla — 260) — ik = 0 

ðb, 


where k = (a — 28W)% — 28V,,(m + iby). 
Assuming a regular maximum we have a 
nezative definite Hessian for the foregoing 
system. Since the system is of order three 
the determinant of the Hessian is negative. 
Multiply (A2) by —i and add to it (i — 1) 
times (A1). Then add minus one times (A3) 
to [Al). The system is then transformed to 


(A4) su, — rla — 26) = 0 
(A5) (i — bju. — iu, = 0 
(A6) rla -26W ~ ik = 0 


The transformed system hasa Hessian with 
a positive determinant since in our transfor- 
mation we had one change of sign (by mul- 
tiplying (A2) by —i). i 
Differentiating the new system with re- 
spect to V, we obtain (A7), where the coef- 
ficients in the third row need not be speci- 


t 
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(A7) P 
(u.. — Z2Brii) av. + [uen — (i — 1267) F 
; ; dc 
[(i E L) tec ~~ itme] dV. + [C jg Lutem z Un | 
i . 
31 dV, 32 


fied explicitly. Solving this system by 
Cramer’s Rule, we obtain 








db; _ iat. quar. 
qv. (Det) H[-4Bri#(i ~ yuen 
+ 2Bi7rUmm + (E — 1)26rtu,. 
+ Gs, 3 Ucclimm)] 
dm = 4-1 = o; 
av. (Det) (H [i — l)u — item 
-26r(r — iT) 
a = (Det)"\(—H) (i — Pue — nm 
-26r(r — iT) 
where H = —26i(m + iby) < 0. Assuming 


Uem > 0, strict concavity of u(c,m), i — 


r > 0, a positive nominal net interest rate 
i — 1 > 0 and remembering that the deter- 








minant of the system is positive, ie., 
(Det) > 0, we find 

db, dm de 

dV. 0 dV. < 0 dV. <0 


Since dby/dV, = —(db,/dV, + dm/dv, + 
dc/dV,.) we obtain from the previous calcu- 
lations 
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pt 2Br(r — it) a i = 








E ‘ iv, 

dV, dV.” 

m db, 

dV. + 233 We = —~2Bi(m + iby) 
dby ETOR TE 
iv. (Det) H{—26r(2i(r — 7) 


+ (IF —r)lu., + 28rd — I(r — #)u,, 
+ 26ir{fr + (i — 1)lunn, 
T i (U2 z Uccllmm)} 


which 1s negative ifr > 7. 


REFERENCES 


G. L. Bach and R. A. Musgrave, “A Stable 
Purchasing Power Bond,” Amer. Econ. 
Rev., Dec. 1941, 3/, 823-25. 

C. G. Fane, “Index Linking and Inflation,” 
Nat. Inst. Econ. Rev., Nov. 1974, No. 70, 
42. 

S. Fischer, “The Demand for Index Bonds,” 
J. Polit. Econ., June 1975, 83, 509-34. 

M. Friedman, “Using Escalators to Help 
Fight Inflation,” Fortune, July 1974, 90, 
94-97. 

R. Goode, “A Constant-Purchasing Power 
Savings Bond,” Nat. Tax J., Dec. 1951, 
4, 332-40. 

M. Sarnat, “Purchasing Power Risk, Port- 
folio Analysis, and the Case for Index- 
Linked Bonds,” J. Money, Credit, Bank- 
ing, Aug. 1973, 5, 836-45. 


American Taxation of Multinational Firms 


By THomas Horst* 


Taxation of the multinational firm’s for- 
eign income has been debated continually 
over the last fifteen years. In the early 1950’s 
the U.S. Treasury proposed to eliminate the 
deferral of U.S. taxes on foreign sub- 
sidiaries’ retained earnings, in order to dis- 
courage the flow of direct investment capi- 
tal abroad and to hasten the repatriation of 
direct investment income.’ The Congress 
was unwilling to take so large a step, but in 
the Tax Reform Act of 1962 did require 
dividend income from developed countries 
to be “grossed up” and did limit the tax- 
haven abuse of deferral.’ In the late 1960’s 
the AFL-CIO grew increasingly concerned 
that U.S. multinationals were “exporting 
jobs” and called for the repeal of deferral 
and the foreign tax credit? The New Eco- 
nomic Policy announced by President 
Nixon on August 15, 1971 sought to im- 
prove the balance of payments through a 
variety of measures including a tax prefer- 
ence for export income, the Domestic Inter- 
national Sales Corporation (DISC).‘ A pri- 


*Fletcher School of Law and Diplomacy. Research 
was supported by a contract with the U.S. Treasury 
which endorses neither the methods nor the conclu- 
sions of this analysis. Thomas Pugel was instrumental 
in developing the mathematical analysis and the com- 
puter program used in empirical simulations. Gary 
Hufbauer, James Nunns, and George Kopits have 
devoted considerable time to earlier versions of the 
paper and made numerous constructive criticisms. 

“Deferral” means taxing the dividends, but not the 
retained earnings, cf a subsidiary. The evolution of 
U.S. taxation of foreign-source income is more fully 
described in the forthcoming study by C. Fred Berg- 
ster, Thomas Horst, and Theodore Moran, ch. 6. Gary 
Hufbauer and David Foster provide a thorough analy- 
sis of deferral and its relationship to other aspects of 
current U.S. tax policy. 

2“Grossing up” means basing the tentative U.S. tax 
_ (i.e., before deducting the tax credit) on subsidiaries’ 
dividends inclusive of the foreign income taxes allo- 
cable to those dividends. 

3The foreign tax credit allows U.S. investors to re- 
duce their U.S. income tax liability by the amount of 
foreign income and withholding taxes paid to foreign 
governments; see below. 

4A DISC is essentially a dummy corporation estab- 
lished to receive tax-sheltered export income; half of 
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mary argument in convincing Congress of 
the merits of DISC was that export income 
should enjoy a tax deferral comparable to 
foreign investment income. Although the 
union-backed Burke-Hartke Bill to repeal 
deferral and the foreign tax credit was voted 
down decisively in 1973, the Senate version 
of the Tax Reduction Act of 1975 would 
have eliminated deferral. Although this pro- | 
vision was dropped by the House-Senate 
conference committee, a special subcom- 
mittee chaired by Congressman Rosten- 
kowski of the House Ways and Means 
Committee was established to study de- 
ferral and related issues more thoroughly. 
Finally, the Treasury implemented new 
guidelines for Sections 861-864 of the In- 
ternal Revenue Code which will create a 
strong tax incentive for U.S: investors to 
charge their foreign subsidiaries more for 
research and development undertaken by 
the parent. In opposing all these changes in 
U.S. policy, the multinationals have argued 
that higher taxes would undermine their 
competitiveness in world markets without 
helping U.S. exports, employment or the 
balance of payments. 

This paper analyzes the profit-maximiz- 
ing behavior of a multinational firm and 
explores the impact on that behavior of re- 
pealing deferral, compelling higher charges 
for R & D to foreign subsidiaries, and elimi- 
nating the foreign tax credit. My model is 
limited in obvious respects: the analysis is 
static, not dynamic; the “multinational” in- 
vests at home and in one foreign country; 
and exports between parent and subsidiary 
are ignored. Higher U.S. taxes on foreign 
investment income may encourage the firm 
to invest more at home and less abroad, 
but that substitution is not necessarily 
matched by an increase in the parent’s ex- 


that income must be paid out as a dividend and 
thereby subject to U.S. taxation, but half may be rein- 
vested in export-related assets, such as export accounts 
receivable. 
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ports or a decrease in its imports. The 
model’s primary virtue is incorporating 
several complex features of U.S. tax policy 
into a coherent analysis of multinational 
investment behavior. I explore not only the 
location of real investment, but also the 
options for financing that investment. As I 
shall show, U.S. tax policy affects firms’ 
financial behavior, and that behavior in 
turn mitigates the impact of tax policy on 
the location of new investment. Finally, I 
have kept the analysis simple enough to be 
able to construct rough estimates of its 
parameters and simulate the possible im- 
pact of various tax changes. In the follow- 
ing sections I set forth the basic model, 
describe the impact of various tax changes, 
and summarize the more important conclu- 
sions. To aid the reader, the mathematical 
notation is summarized in Appendix Ta- 
ble Al. 


I. The Basic Model 


It is assumed that a multinational firm 
starts with an existing stock of foreign and 
domestic investment and seeks the optimal 
change in its position over the next year. 
Because the earnings generated by existing 
investments are an important source of 
capital for new investment, we cannot ig- 
nore the role of the past in shaping the 
present. To be specific, assume that current 
revenues (net of labor and material costs, 
but gross of interest expenses and income 
taxes) R depend on the existing stock of 
investment /y, plus new investment under- 
taken during the current period /. 


(1) R = R(h + I) 
(2) R* = R*(I¥ + I*) 


An asterisk differentiates the parent’s do- 
mestic investment from its foreign sub- 
sidiary’s. Presumably, the marginal and 
average return On investment at home or 
abroad declines as the level of investment 
expands. 

The analysis focuses not only on the 
levels of foreign and domestic investment, 
but also on the financing of that investment. 
For simplicity’s sake we ignore the market 
for new equity and concentrate on that for 


` 
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debt. Rather than exploring directly the de- 
terminants of an optimal debt-equity ratio 
for the parent, subsidiary, and/or con- 
solidated enterprise, it is merely assumed 
that new funds are available at home and 
overseas at increasing rates of interest. 
These increasing interest rates could reflect 
either the thinness of local capital markets 
or lenders’ fears of the insolvency of the 
borrower. In either event, total borrowing 
costs B consist of those incurred by past 
borrowing Lo, plus those resulting from 
new borrowing, L: 


= B(L + L) 
(4) B* = B*(L¥ + L*) 


~ 

and 

ener 

&> 
| 


The levels of investment and borrowing are 
linked by balance sheet constraints. For the 
foreign subsidiary new investment / must 
equal new borrowing L, plus new funds ob- 
tained from the parent F, and the sub- 
sidiary’s own retained earnings Ep: 


(5) T=Lt+F+ Ey 


The parent’s new investment /* must equal 
its own new borrowing L*, less new funds 
advanced to the subsidiary F, plus its own 
retained earnings: 


(6) I* = L* -F+ ER 


Ít is also assumed that the foreign sub- 
sidiary can deduct from its taxable income 
interest on intrafirm debt as well as royal- 
ties, headoffice charges and other such pay- 
ments for intrafirm services. Although I 
want to postpone for the moment the role 
of tax avoidance in determining such pay- 
ments, let me note here that intrafirm in- 
terest expenses depend on the intrafirm in- 
terest rate i,, and the ratio of debt to total 
intrafirm transfer of capital (debt plus 
equity) f. Total intrafirm interest payments 
equal those on past borrowing, /,, f, F,, plus 
those on new borrowing, i, fF. Likewise, it 
will be assumed that royalties, headoffice, 
and other intrafirm charges vary at least in 
the short run in proportion A to the foreign 
subsidiary’s total investment, J) + f. Thus, 
the foreign subsidiary’s taxable income Eg 
equals the revenues from investment R,’ 
minus the interest paid to outside lenders B, 
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the interest paid to the U.S. parent 
ip, foFo + ip fF, and payments for royalties, 
headoffice services, and the like, h(l + J): 
(7) Eg = R -B -— Ci, foFo + ip fF) 

— h(l + I) 


Next it ts assumed that the subsidiary 
pays income taxes at the rate ¢, and that the 
dividends paid to the parent D are some 
proportion p of income after taxes: 


(8) D = p(l — 1)Eg 


Thus, the retained earnings available for re- 
investment by the foreign subsidiary Ep, as 
shown in equation (5) above, are 


(9) Er = (1 —p)Ql — tjEs 


Most foreign governments collect not just 
an income tax, but also withholding taxes (4 
typical rate would be 10 to 15 percent) on 
dividends, interest, royalties, and other pay- 
ments to U.S. investors, Total withholding 
taxes paid W, equal: 


(10) W = wD + walin faFo + ipfF) 
+ wih(lo F I) 


where wp, wg, and wy are the withholding 
tax rates for dividends, interest, and royal- 
ties, headoffice charges, etc., respectively. 

We can now turn to U.S. tax policy. 
Rather than taxing foreign investment in- 
‘ come net of foreign income and withhold- 
ing taxes, the United States bases its tax on 
foreign-source income gross of foreign taxes 
and then grants a tax credit for foreign 
taxes paid. In my notation U.S. taxable in- 
come E# equals domestic income net of in- 
terest costs R* — B*, plus interest, royal- 
ties, or other such receipts for intrafirm 
services and dividends: 


(11) Eš = R* — B* + (i, foFo + ip fF) 
+ h(i + I) + D/U - t) 
Note that intrafirm income receipts are not 
reduced by the withholding tax and that 
‘dividends have been grossed up to include 


the foreign income taxes “deemed paid” ón 
those dividends.’ Foreign-source income for 


SLegally speaking, the foreign subsidiary pays the 
income tax, and the U.S. parent is only deemed to have 
paid those taxes. 
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the purposes of determining U.S. taxes ex- 
ceeds the cash actually received by the 
parent. Note further that U.S. taxable in- 
come includes the dividends, but not the re- 
tained earnings of the foreign subsidiary. 
That is the essence of deferral. 

The taxes paid to thé U.S. Treasury 7%*, 
equal the U.S. tax rate t* times taxable in- 
come Ej, less the foreign tax credit T: 


(12) T* = 1*E# — Th 


The U.S. investor can claim a foreign tax 
credit equal to the /esser of two amounts: 1) 
the withholding taxes on dividends, interest, 
royalties, etc. plus the income taxes deemed 
paid on the dividends; and 2) the U.S. tax 
rate times total foreign-source income: 


tD 
l ~ 





(13) Tě = min fw + 


pe 


lipoJoFo + ip JF + h(l + D + D/A — n} 


If foreign taxes paid or deemed paid are less 
than the maximum creditable—the U.S. 
taxes which would have been due on the 
foreign-source income—the investor is said 
to have a deficit of tax credits. Using the 
withholding tax formula (10), we can prove 
that the investor will have a deficit of 
foreign tax credits if and only if the share- 
weighted average of foreign tax rates is less 
than the U.S. income tax rate: 


(14) 
SpwWe + SyWy + Sp[wo(l = L) + t} <1" 


where Sg, Sy, and Sp sum to unity and are 
the shares of interest, royalties, and other 
such fees, and dividends, respectively, in the 
U.S. investor’s foreign-source income. Con- 
dition (14) indicates that even if the foreign 
tax burden on dividend income wp(! — t} + 
t exceeds the U.S. tax rate ¢*, the investor 
may yet avoid having surplus foreign tax 
credits by making sufficiently large interest 
and royalty payments. Let us rewrite the 
formula for the foreign tax credit as: 


Actually the foreign tax credit is limited not by the 
Statutory tax rate but by the ratio of the firm’s tenta- 
tive U.S. taxes (i.e., before tax credits) to its total tax- 
able income. If the firm has capital gains or certain 
other favorably taxed income, the statutory rate may 
exceed its average tax rate. 
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(15) TH = W + LD _ x {(w, — t*) I have little direct evidence on what, if any- 
l-t thing, a multinational strives to maximize 

$ lip foFo + ip fF) and have chosen consolidated after-tax 


+ (wy — t*)hA(, + D 
+ [wp] -t) +t — t*] 
D/Q -— t)} 


where x is a binary variable equal to zero if 
and only if the investor has a deficit of for- 
eign tax credits, i.e., condition (14) is satis- 
fied. While equation (15) looks messier than 
. (13), it is more tractable analytically. 

The U.S. parent’s after-tax income EF 
equals its before-tax income £#, less its 
U.S. taxes T*, and the foreign taxes in- 
cluded in its taxable income: 


(16) Eš = Eš — T* —-(W+1D/U - t) 


The consolidated, after-tax income of the 
multinational enterprise equals the parent’s 
after-tax income (which includes dividend 
income from its foreign subsidiary) plus the 
subsidiary’s retained earnings: 


(17) Eé = EX + Ep 


To close out the model, we need to specify 
the parent’s dividends and consequently its 
earnings available for reinvestment. It is as- 
sumed that the dividends paid to the ulti- 
mate shareholders D* are some constant 
proportion p* of consolidated after-tax 
earnings: 


(18) D* = p* E% 


The parent’s retained earnings are the dif- 
ference between its after-tax income and its 
dividends: 


(19) ER = EY — D* =' (Et — Ep) 
~ p* EE = (1 — p*)E% — Ep 


From (19) it is apparent that consolidated 
after-tax earnings E% are proportionate to 
consolidated retained earnings available for 
investment: 


(20) ` 


Eš = —-— (Ef + Er) 
| = 

It is assumed that the multinational firm 
seeks to maximize either consolidated after- 
tax earnings or, equivalently, consolidated 
retained earnings available for investment. 


earnings Eë because it seems to be as rea- 
sonable and as convenient an objective as 
any. I should note, however, that this ob- 
jective function does not discount the value 
of earnings retained abroad despite the 
probable tax cost of repatriating those 
funds as dividends. Thus the behavioral - 
assumption would most aptly characterize a 
management-controlled firm whose primary- 
objective was the growth of the firm and for 
whom dividends to shareholders are com- 
parable to a tax on consolidated earnings. 

What should the firm do to maximize its 
consolidated earnings? To begin to answer 
this question, let us substitute several of the 
earlier formulas into equations (17) and (20) 
and rewrite consolidated after-tax earnings 
as: 


* . 
(21) Eg = EÈ + Er 
i — p* 


= (1 — 2*)(R* — B*) + (1 — Ð(R — B) 

~ (¢* — t + x(wg — t*)1G,, Jofo + ip SF) 

— [t* — t + x(wy — () AC + D) 

— [F — t + x(wp(l — 1) + t — t*) 
PER/(L - tC — p) 


The multinational firm has seven degrees of 
freedom in maximizing consolidated in- 
come. It can set four intrafirm financial 
parameters—i,, f, h, and p—plus the rates 
of new domestic and foreign investment /* 
and J, and the rate of transferring new cap- 
ital to its subsidiary F. All other variables in 
equation (21) are either predetermined or 
will be determined by these seven values. 
We distinguish the four intrafirm finan- 
cial parameters, i,, f, h, and p, from the 
three remaining controls, 7*, J, and F, be- 
cause the former should be minimized or 
maximized according to straightforward, 
tax-avoidance criteria, while the latter must 
satisfy standard first-order conditions. Let 
us look first at the intrafirm financial 
parameters for their optimal values can be 
determined by a close inspection of equa- 
tion (21). We obviously need to differentiate 
between cases where an investor has a defi- 


“ 
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cit, rather than a surplus, of foreign tax 
credits. 

Deficit Case: A deficit of tax credits 
obtains when foreign tax rates are compara- 
tively low, condition (14) can be satisfied, 
and thus x = 0. In this case the firm should 
minimize royalties, interest, dividends, and 


_all other forms of repatriating income. For- 


eign investment should be financed insofar 
as possible out of retained earnings rather 
than new funds obtained from the parent. If 
funds must be repatriated in one form or 
another, the investor will, so far as taxes are 
concerned, be indifferent among interest, 
royalties, headoffice charges, or dividends. 
Each generates the same increase in total 
tax payments. 

Surplus Case: A surplus. of tax credits 
obtains when foreign tax rates are compara- 
tively high, condition (14) is violated, and 
thus x = 1. In this case the firm should 
maximize royalties, headoffice charges, in- 
terest payments, and all other intrafirm 
charges deductible from the foreign sub- 
sidiary’s income and minimize dividend pay- 
ments. By substituting one form of income 
repatriation for another, the investor can 
reduce its foreign income taxes without a 
corresponding increase in its U.S. taxes. A 
multinational firm, in short, has a clear tax 
Incentive to manipulate its intrafirm ac- 
counts to avoid generating excess tax cred- 
its. 

Let me hasten to add that multinational 
firms have less than full flexibility in manip- 
ulating intrafirm accounts and that in actual 
practice tax avoidance is not the only cri- 
terion affecting the firm’s behavior. Na- 
tional tax authorities strive to protect the 
local tax base: foreign governments may 
limit deductible payments to parent firms, 
and the United States applies its ‘‘arm’s- 
length” standard to intrafirm interest rates, 
royalties, etc..’ Likewise, foreign exchange 
authorities frequently limit intrafirm trans- 
actions to improve the balance of payments 
—witness the U.S. balance-of-payments 


7The arm’s length standard obligates an American 
investor to use transfer prices equal to those which 
would have prevailed between an independent buyer 
and seller. 
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guidelines affecting dividend repatriation in 
the late 1960’s. Furthermore, the multi- 
national may be willing to pay higher taxes 
in order to withdraw its income from weak- 
currency countries or to minimize its expo- 
sure to expropriation. But taxes do matter. 
Sidney Robbins and Robert Stobaugh (pp. 
28-29 and 77) found that intrafirm debt- 
equity ratios and the methods of income 
repatriation. reflected tax considerations. 
George Kopits (1972, 1974) found that sub- 
sidiaries’ dividend payout rates were higher 
the lower the tax cost of paying dividends 
end that royalty rates were manipulated to 
offset excess tax credits generated by divi- 
dends. 

Consolidated income depends also on the 
rates of new domestic and foreign invest- 
ment /* and /, and new funds advanced to 
the foreign subsidiary F. The first-order 
condition obtained by taking the partial de- 
rivative of Eë with respect to domestic in- 
vestment /* is:® 


(22) r* = bt 


The marginal revenue from new domestic 
investment r* should equal the marginal 
cost of newly borrowed funds in the United 
States, b*. The analogous condition with re- 
spect to new foreign investment J is slightly 
more complicated: 


(t* — t;)h 
(1 — ty) 


where ¢, is defined to be the effective rate of 
global (foreign plus U.S.) taxation of the 
foreign subsidiary’s income. Assuming the 
investor succeeds in avoiding a surplus of 
foreign tax credits, this effective rate of 
taxation is simply a weighted average of the 
foreign and U.S. income tax rates: 


(24) tp = pt* + (i - pk = t + p(t* — t) 


The portion of foreign subsidiary earnings 
paid out as dividends p, is taxed at the U.S. 


(23) r=b+ 


8The derivations of the first-order conditions and 
the equations of change are straightforward, but ex- 
ceedingly cumbersome. Because they will be published 
in the Mathematical Appendix to Bergsten, Horst, and 
Moran, ch, 6, and are available from the author on 
request, they are not reproduced here. 
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rate ¢*, while that portion retained by the 
subsidiary 1 — p, is taxed at the foreign rate 
t. The second term on the right-hand side of 
condition (23) recognizes that increased for- 
eign investment generates higher headoffice 
and other such charges and that such in- 
come will be taxed at the U.S., rather than 
the foreign, rate. Practically speaking, this 
second term on the right-hand side of con- 
dition (23) is small, and the foreign sub- 
sidiary equates the marginal revenue from 
new investment to the marginal cost of 
locally borrowed funds. 

The third and most interesting first-order 
condition is obtained from the derivative of 
consolidated income with respect to new 
funds advanced to the subsidiary F: 

(25) 

(1 — 2*)b* = (1 — t)b — (t* — ti, f 
The significance of this condition is grasped 
more readily if we contrast two extreme 
cases, the equity-only and the debt-only in- 
vestor. Suppose, first, that an American 
company invests overseas, borrows in local 
capital markets, but limits its own invest- 
ment in its subsidiary to equity participa- 
tion. That is to say, there is no intrafirm 
debt, only equity. This method of financing 
foreign investment is certainly encouraged 
by current U.S. tax policy, since debt gives 
rise to interest payments and thereby shifts 
income to the more highly taxed U.S. par- 
ent. In this equity-only case, f = 0, and con- 
dition (25) reduces to: 


(26) (1 —1*)b* = (1 — i)b 


The optimal transfer of new funds to the 
subsidiary equates the after-tax return on 
equity in the two countries. If the U.S. in- 
come tax rate ¢* exceeds the foreign income 
tax rate £, it will also exceed ź;, and the for- 
eign investor will have an implicit tax in- 
centive to invest abroad rather than in the 
United States. 

Suppose for the sake of contrast that the 
American investor disregards the tax ad- 
vantages of equity and relies exclusively on 
debt to finance new foreign investment. 
Suppose further that it was willing and able 
to charge interest equal to the subsidiary’s 
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marginal cost of newly borrowed funds b. 
In this case, f = 1, i, = b, and condition (25) 
reduces to: 


(27) b* =b 


The multinational has no tax incentive to 
favor foreign investment over domestic, for 
at the margin they both generate equal tax 
payments. While deferral may reduce U.S. 
taxes and thus leave the multinational -with 
additional funds for global investment, it 
would not bias the location of that invest- 
ment. Although condition (27) represents a 
hypothetical extreme, it points up an im- 
portant conclusion: deferral encourages an 
American investor to favor foreign over 
domestic investment 1) the lower the for- 
eign income tax rate, 2) the lower the rate of . 
dividend repatriation, 3) the lower the ratio 
of debt to new capital (debt plus equity) 
transferred to the subsidiary, and 4) the 
lower the interest charged on intrafirm debt. 
Deferral thus encourages the American in- 
vestor to use equity rather than debt in 
financing foreign investment, and the more 
equity used, the greater is the implicit bias 
towards foreign and against domestic in- ` 
vestment. 


Il. The Impact of Changing U.S. Tax Policy 
A. Repealing Deferral 


In this section we will explore the impact 
of three proposed changes in current U.S. 
tax policy: repealing deferral; increasing 
R&D charges to foreign subsidiaries; and 
eliminating the foreign tax credit. If deferral 
were repealed, U.S. taxable income would 
include the grossed-up value of the foreign 
subsidiary’s retained earnings Ee/(i — t) in 
addition to the income shown in equation 
(11) above. The U.S. taxable income and 
consolidated before-tax income now be- 
come one and the same: 


(28) ER = (R* — BY) + (R — B) 


Assuming the foreign tax credit would be 
extended to include all foreign income taxes 
paid, not just those associated: with divi- 
dends, consolidated after-tax income would 
equal: 
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(29) E® = (1 — t*)(R* — B* + R — B) 
= fom — 1*) ing foFo + ip SF) 
+ (wy — t*)h(Iy + LD) 


: * Ep 
+ [wpp(l-t)+t-t lz ery =| 
As long as foreign income and withholding 
tax rates are low enough, or royalties, in- 
terest, and other such charges can be kept 
high enough to avoid a surplus of tax cre- 
dits, x = 0, and the multinational firm has 
no further tax incentives to minimize or 
maximize the use of debt, intrafirm interest 
rates, royalties, dividends, or the like. The 
only tax consideration affecting the intra- 
firm accounts would be the desire to avoid 
excess tax credits. 

Turning from the intrafirm financial 
parameters to the rates of new domestic and 
foreign investment and new capital trans- 
ferred to the subsidiary, the first-order con- 
ditions for maximizing consolidated income 
are: 


(30) o r* = b* 
(31) r=b 
(32) b* = b 


All the tax terms have cancelled each other 
out. Without deferral marginal revenue 
from new investment should equal the mar- 
ginal cost of newly borrowed funds both 
within and between the two countries. Gone 
would be the implicit tax incentive to invest 
abroad rather than in the United States.’ 
To determine the amounts by which for- 
eign and domestic investment might change, 
we must take the total derivatives of the 
original first-order conditions, (22), (23), 
and (25). Assuming for the moment that the 
intrafirm financial ratios i,, f, h, and p re- 
main fixed, we obtain three equations in 
three unknowns (d/*, di, and dF) and one 


9In actual practice, various nonneutralities would - 


remain. For example, the U.S. investment tax credit 
does not apply to foreign investment, and state and 
local in¢ome taxes are only deductible from U.S. fed- 
eral income taxes, while analogous foreign taxes would 
be creditable. These remaining nonneutralities are 
carefully evaluated by Hufbauer and Foster, 
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known dt; = (1 — p)(t* — t). Rather than 
presenting the messy formulas,’® let me de- 
scribe the nature of the calculations and 
then proceed to some numerical examples. 
The impact of eliminating deferral can be 
decomposed into a substitution and liquidity 
effect. When U.S. taxes due on foreign in- 
vestment income increase, the investor di- 
verts fewer funds to foreign investment and 
more to domestic. This is the substitution 
effect. The liquidity effect derives from 
higher taxes: with fewer funds available for 
reinvestment and with outside funds becom- 
ing increasingly costly, the multinational 
cuts back on its global investment. The sub- 
stitution and liquidity effects both reduce 
the rates of new foreign investment and new 
funds transferred to the foreign subsidiary. 
New domestic investment will increase if 
the positive substitution effect outweighs 
the negative liquidity effect. 

My numerical examples are based upon 
the 1974 experience of American-owned 
manufacturing subsidiaries—see Appendix 
Table A2. Most of our model’s parameters 
were roughly estimated from published sta- 
tistical sources. For example, the average 
foreign income tax of 39 percent and aver- 
age dividend payout rate of 42 percent im- 
plied an effective rate of global taxation of 
foreign subsidiary income of 42.8 percent. 
Thus, eliminating deferral would raise the 
effective rate of taxation from 42.8 percent 
to the U.S. rate of 48 percent, an increase of, 
5.2 percent. The parameters I could not esti- 
mate from any published sources, were the 
elasticities of investment demand or bor- 
rowing costs implicit in equations (1) 
through (4) above. Accordingly, I arbi- 
trarily assumed that the elasticities of the 
marginal revenue from new investment and 
marginal cost of new borrowing were equal 
to two and then compared those results 
with others based on higher or lower elas- 
ticities. 

The numerical calculations of the impact 
of eliminating deferral are summarized in 
Table 1. Notice that I have scaled my ex- 
ample to make it appear that all new invest- 
ment by foreign manufacturing affiliates of 


ISee fn. 8 above. 
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TABLE |—-ESTIMATED IMPACT OF REPEALING DEFERRAL: ON New Domestic 
AND FOREIGN INVESTMENT, NEw FUNDS ADVANCED TO SUBSIDIARIES, 
CONSOLIDATED AFTER-TAX INCOME, AND DOMESTIC AND FOREIGN TAXES 
Paip BY U.S. MANUFACTURERS, 1974 


Case 2 (More Case 3 (Less 
, Case ] Elastic Investment) Elastic Borrowing) 
Initial Absolute Percentage Absolute Percentage Absolute Percentage 
Value Change Change Change Change Change Change 
Domestic Investment 36,400 1,429 3.9 3,613 9.9 1,360 3:1 
Foreign Investment 18,300 -1,549 —$8.5 —3,789 20.7 —1,579 —8.6 
New Funds for Subsidiary 2,710 ~—2,466 —91.0 —4,642 —17} 2,028 —75 
Consolidated Aiter-Tax Income 15,194 —532 -3.5 —477 —3.] ~ 534 —3,5 
U.S. Taxes Paid 6,005 $45 9.1 501 8.3 532 8.9 
Foreign Taxes Paid 5,001 ~80 -1.6 — 148 , —3.0 —65 -1.3 


Note: Initial Values and Absolute Changes expressed in millions of dollars. Case | assumes the values for param- ` 
eters shown in Appendix Table A2. Case 2 assumes the same values except the values of r*' and z’ are two-fifths 
as large as those shown in Appendix Table A2. Case 3 assumes the same values as shown in Table A2 except the 


values of b*’ anc b' are twice as large as those shown. 


U.S. corporations in 1974 was undertaken 
by the sole subsidiary of a large U.S. man- 
ufacturer. In Case | (where all investment 
and borrowing elasticities are assumed to 
equal-two) eliminating deferral would in- 
crease the parent’s investment by 3.9 per- 
cent and reduced the subsidiary’s by 8.5 
percent in 1974. Because of lost liquidity the 
rate of global investment would have been 
slightly lower than it actually was. The sub- 
stantial reduction in intrafirm funds trans- 
ferred reflects our implicit assumption that 
eliminating deferral would encourage multi- 
national firms to borrow more abroad and 
less at home than they now do. That is to 
say, taxes affect the location of borrowing 
as well as the location of investment. Con- 
solidated after-tax income would have been 
$532 million less than it was, which would 
represent a 3.5 percent decline for the large 
multinational manufacturer. These lowered 
earnings are the by-product, of course, of 
the higher taxes paid to the U.S. govern- 


ment. Foreign tax payments ease slightly . 


because of the lower rate of new foreign in- 
vestment and the higher rate of new bor- 
rowing by the foreign subsidiary. 

In Case 2 all the parameters are identical 
to Case 1 except that we have assumed that 
new domestic and foreign investment are 
more elastic with respect to changes in the 


cost of capital than they were in Case | (the 
elasticities are equal to five rather than 
two). As can be seen, the more elastic do- 
mestic and -foreign investment are, the 
greater is the substitution of domestic for 
foreign investment resulting from the loss of 
deferral. Case 3 differs from Case 1 only in 
assuming that new domestic and foreign 
borrowing are less elastic with respect to 
changes in the interest rate. As one can see, ` 
foreign investment falls by more and do- 
mestic rises by less than they did in Case 1. 
In short, the more elastic investment de- 
mand the greater the substitution effect is, 
and the more elastic the supply of external 
funds the smaller the liquidity effect is. 

The estimates in Table | all assume that 
the intrafirm financial ratios i,, J, A, and p 
remain fixed at their current values. As we 
noted above, however, eliminating deferral 
might also encourage investors to rely more 
on debt and less on equity in financing their 
foreign investment, to raise intrafirm in- 
terest and royalty rates, to expand charges 
for R&D and other headoffice expenses and 
to increase dividend payout rates. In the ab- 
sence of deferral, all these changes except 
higher dividends would shift tax revenues 
from the foreign country to the United 
States. The statistics in Table J} could thus 
understate the impact of eliminating de- 
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TABLE 2—-ESTIMATED IMPACT OF DOUBLING HEADOFFICE, R&D, AND OTHER INTRAFIRM 
SERVICE CHARGES: ON NEw DOMESTIC AND FOREIGN INVESTMENT, NEW FUNDS 
ADVANCED TO SUBSIDIARIES, CONSOLIDATED AFTER-TAX INCOME, AND DOMESTIC AND 
FOREIGN TAXES PAID BY U.S. MANUFACTURERS, 1974 


Case | Case2 > 
(Deductions Allowed) (Deductions Disallowed) 
Initial Absolute Percentage Absolute Percentage 
Value Change Change Change Change 
Domestic Investment 36,400 149 0.4 1,393 3.8 
Foreign Investment 18,300 — 332 ~1.8 —3,087 —16.9 
New Funds for Subsidiary 2,710 444 16.4 —2,718 — 100 
Consolidated After-tax Income 15,194 -142 —0.9 —991 -6.5 
U.S. Taxes Paid 6,005 688 11.5 981 16.3 
Foreign Taxes Paid 5,001 -592 -11.8 —84 — 1.7 


Note: Initial Values and Absolute Changes expressed in millions of dollars. Both cases assume that headoffice 
and other such charges are raised from 1.1 to 2.2 percent of the foreign subsidiaries’ total assets. In Case 1 the for- 
eign government allows higher deductions from the subsidiaries’ taxable income; in Case 2 they do not. 


ferral on both domestic and foreign tax 
revenues, !! 


B. Increasing Re D Charges 
to Foreign Subsidiaries 


As noted in the introduction, the Trea- 
sury has issued new guidelines for Sec- 
tions 861-864 of the Internal Revenue 
Code. These new guidelines will require 
the multinationals to allocate a higher por- 
tion of their domestic R&D expenses to 
their foreign affiliates when determining 
their maximum allowable tax credit. Unless 
the investor has a deficit of tax credits, its 
U.S. tax payments will rise. The Treasury 
hopes that the multinationals would in- 
crease their R&D charges to avoid double 
taxation of this portion of their income. The 
multinationals claim that foreign tax au- 
thorities will not allow any additional de- 
ductions from the subsidiaries’ income, so 
the disputed expenses would give rise to 
double taxation. We have used our micro- 
economic model te determine the impact of 
increasing R&D or other intrafirm charges 
` assuming first that the foreign government 
would, and second that it would not, permit 


NOf course, factors which we have ignored could 
- reverse this conclusion. For example, foreign govern- 
ments might retaliate by raising their taxes on U.S.- 
owned subsidiaries’ income, which would increase 
their parents’ U.S. tax credits and decrease their tax 
payments, 


higher deductions from foreign subsidiary 
income. 

Our findings are summarized in Table 2. 
Because there is no way of knowing how 
great the increase in intrafirm charges might 
be, we have arbitrarily assumed that all 
charges except for interest would be dou- 
bled. That is to say, headoffice, royalties, 
and all other intrafirm charges would in- 
crease from their current 1.1 percent to 2.2 
percent of foreign subsidiaries’ assets. Case 
l in Table 2 assumes that the foreign gov- 
ernment would allow the multinational to 
deduct ali such charges from the foreign 
subsidiaries’ taxable income. As can be 
seen, the estimated impact on domestic and 
foreign investment would be minimal. The 
primary consequence would be a shift of 
taxable income from the foreign subsidiary 
to the U.S. parent. Foreign tax payments 
would fall by 12 percent while U.S. tax pay- 
ments would increase by 11 percent. Be- 
cause the U.S. income tax rate is higher 
than the foreign income tax rate, the global 
tax burden would rise and consolidated 
after-tax income would fall slightly. 

This impact contrasts sharply with that in 
Case 2 where we have assumed that the for- 
eign government would not allow increased 
deductions from the subsidiary’s taxable in- 
come. The key to understanding this latter 
situation is recognizing that the new guide- 
lines would subject foreign investment in- 
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come to a disguised form of double taxa- 
tion, Foreign investment would be cut by 17 
percent, or twice the reduction from elim- 
inating deferral. Likewise, U.S. taxes would 
increase by 16 percent, a gain based on the 
direct impact of the new guidelines and the 
induced cutback in funds advanced to the 
subsidiary (if more investable funds are re- 
tained by the parent, U.S. borrowing and 
interest expenses can be cut proportion- 
ately). But in this second case U.S. tax reve- 
nues gain at the expense of the American in- 
vestor and not the foreign treasury. In 
short, by disallowing higher deductions for 
R&D expenses, the foreign government can 
protect its tax base. But in doing so, it per- 
mits the double taxation which inhibits new 
investment by American-owned subsid- 
iaries. 


C. Repealing the Foreign Tax Credit 


Several critics of U.S. tax policy have 
proposed the repeal of the foreign tax credit 
as well as deferral. Taxable income in the 
United States would include all foreign in- 
vestment income net of foreign income and 
withholding taxes: 

(33) 
ER = (R* — B*) + (R-B-T- W) 


U.S. taxes would equal the U.S. tax rate 
times the taxable income with no foreign 
tax credit: 


(34) T* = t* E% 


Consolidated after-tax income would equal: 
(35) E® = (1 — t*)(R* — B*) 
+ (1 -= *) (1 ~ wop) (1 — t)(R — B) 
+ (1 — t*)(¢ + wppQ — t) — wz): 
(ing foFo + ip fF) 
+ (1 — (*)(¢+wpptl — t) — wy) AC + 1) 


Note the heavy taxation, (1 — 1*)(] — wpp)- 
(1 — t), of foreign investment income R — B. 
As is apparent from a close inspection of 
equation (35), the American investor can 
raise its consolidated after-tax earnings by 
increasing its use of intrafirm debt /, the 
‘rate of interest on that debt, i,, or the rate 
of charging headoffice and other such ex- 
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penses back to its subsidiary. Each of these 
measures shifts income from the subsidiary 
to the parent and relieves the double taxa- 
tion of foreign investment income, 

The new first-order conditions for max- 
imizing after-tax income are: 


(36) r* = bY 
z i+ Wop ~-t) - wa, 
CR E T 
G8) b* = (1-1 (1 — wop)d 
A E E T, 


Once again, the most interesting of these 
first-order conditions is the third, and its 
significance becomes more apparent by con- 
trasting an equity-only with a debi-only in- 
vestor. If an American investor ignored the 
obvious tax incentives to finance foreign in- 
vestment with debt and advanced only 
equity funds to its subsidiary, f = 0 and 
equation (38) becomes: 


(39)  b* = (1 — t) (1 — wpp)b 


This is the mathematical formula for the 
AFL-CIO’s dream and the multinationals’ 
nightmare! Because of the double taxation 
of foreign equity income, the American 
manufacturer discriminates heavily against 
foreign investment and in favor of U.S. in- 
vestment. Bv contrast, if an investor could 
rely wholly on debt in financing new invest- 
ment and charge interest equal to its sub- 
sidiary’s marginal cost of borrowing, i, f = b 
and equation (38) reduces to: 


(40) b* = (1 — wy)b 


Although the American investor would still 
discriminate against foreign investment, 
that discrimination would be much less 
than above. The firm’s ability to substitute 
debt for equity in financing foreign invest- 
ment will limit the substitution of domestic 
for foreign investment. 

Our numerical examples bring out this 
point quite clearly. The estimates presented 
in Table 3 show the impact of repealing de- 
ferral and the foreign tax credit and allow- 
ing only a deduction for foreign taxes. In 
Case | the firm continues its traditional mix 
of debt and equity in financing foreign ex- 
pansion; in Case 2 it uses only debt in fi- 
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TABLE 3—ESTIMATED IMPACT OF REPEALING DEFERRAL AND THE FOREIGN TAX CREDIT 
AND ALLOWING ONLY A DEDUCTION FOR FOREIGN TAXES PAID: ON New DOMESTIC AND 
FOREIGN INVESTMENT, NEW FUNDS ADVANCED TO SUBSIDIARIES, CONSOLIDATED 
AFTER-TAX INCOME, AND DOMESTIC AND FOREIGN Taxes Parp BY U.S. MANUFACTURERS, 1974 


Case | Case 2 
(Initial Parameters) (Reliance on Debt) 

Initial Absolute Percentage Absolute Percentage 

Value Change Change Change Change 
Domestic Investment 36,400 9,29] 25.5 3,970 10.9 
Foreign Investment 18,300 — 10,283 — 56,2 -4,997 —27.3 
New Funds for Subsidiary 2,710 ~~ 15,725 — 580.3 —8,060 — 297.4 
Consolidated After-Tax Income 15,149 —2,974 —19.6 —3,107 —20.5 
U.S. Taxes Paid 6,005 3,028 50.4 2,953 49.2 
Foreign Taxes Paid 5,001 — 504 — 10.1 —144 —2.9 


Note: Initial Values and Absolute Changes expressed in millions of dollars. Estimates include the repeal of defer- 
ral—see first three columns of Table 1. Both cases assume that the foreign tax credit is replaced by a deduction 
from taxable income In Case | all parameters are as shown in Appendix Table A2; in Case 2 the investor raises 
the ratio of new debt to new funds f to unity, and the interest on that debt to equal the subsidiary’s marginal cost 


of borrowing. 


nancing new foreign investment and charges 
interest equal to the subsidiary’s marginal 
cost of borrowing. The substitution of do- 
mestic for foreign investment is far greater 
in Case | (where the firm relies on its tradi- 
tional debt-equity mix) than in Case 2 
(where it shifts from equity to debt). Notice 
the substantial increase in U.S. taxes and 
_ the consequent decrease in consolidated 
corporate earnings and new investment. In 
fact, had the elasticities of investment de- 
mand and loanable funds been less than we 
supposed, the lost liquidity could more than 
offset the substitution effect, and domestic 
investment would fa// with the repeal of the 
foreign tax credit. Finally, we note that the 
intrafirm flow of funds, already diminished 
by the repeal of deferral, would reverse its 
direction. The subsidiary either advances 
funds to the U.S. parent or repatriates pre- 
viously received capital. In actual practice, 
this backflow of foreign direct investment 
might be blocked and the substitution of 
domestic for forzign investment dimin- 
ished. '* 


. The foreign tax authorities, for example, might 
treat the repatriation of capital as dividends paid out 
of past earnings and thus subject to a withholding tax. 
Likewise, foreign subs:diaries’ access to local capital 
markets might be curtailed if local borrowing exceeded 
local investment. 


HI. Conclusion 

We have explored the effects of U.S. taxa- 
tion of foreign investment income on for- 
eign and domestic investment, the financing 
of that investment, the mix of debt and 
equity in advancing funds to a foreign sub- 
sidiary, and dividends, royalties, and other 
such intrafirm payments. Under existing 
U.S. policy, corporate income taxes on for- 
eign income are deferred until the sub- 
sidiary formally pays a dividend to its U.S. 
parent, and the parent can claim a tax credit 
for income and withholding taxes paid to 
the foreign government. This policy en- 
courages the use of equity rather than debt 
in financing foreign expansion and dis- 
courages the repatriation of foreign invest- 
ment income; if income is repatriated, in- 
vestors may want to make minimal interest, 
rcyalty, and other such payments to offset 
the excess tax credits generated by divi- 
dends. Current policy also offers an implicit 
tax Incentive to investing overseas, and the 
size of the incentive increases the lower the 
foreign income tax, the lower the subsid- 
lary’s dividend payout rate, the less debt 
and the more equity used in financing for- 
eign investment, and the lower the interest 
on intrafirm debt. 


if deferral were repealed, so too would ~ 


mast of the tax incentives to invest abroad 


$ 
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or to manipulate intrafirm accounts to 
avoid taxes. The impact of this and other 
tax changes can be disaggregated into a sub- 
stitution and a liquidity effect. If the elas- 
ticities of investment opportunities at home 
and abroad are low, so too will be the in- 


duced substitution of domestic for foreign 


investment. Likewise, if the elasticities of 
the supply of outside funds are small, any 
tax increase will exercise a larger drag on 
the firm’s rate of global investment. 

We also explored the effects of compel- 
ling U.S. investors to charge their foreign 
subsidiaries with a higher proportion of 
current R& D expenses and of repealing the 
foreign tax credit. If foreign governments 
will allow higher deductions from the sub- 
sidiaries’ taxeble income, the United States 
would gain tax revenues at the expense of 
the foreign government. If higher deduc- 
tions are disallowed, foreign investment in- 
come is subject to a disguised form of dou- 
ble taxation, U.S. tax payments rise, 
corporate after-tax income falls, and the 
rate of foreign investment contracts. Re- 
pealing the foreign tax credit would have a 
profound impact on a multinational’s prof- 
itability and, if its ability to compensate for 
the lost liquidity with increased borrowing 
is small, on its rate of global investment. 
The substitution of domestic for foreign in- 
vestment depends not only on the elastici- 
ties of investment opportunities, but also 
the firm’s ability to substitute debt for eq- 
uity in its internal financing of foreign in- 
vestment. 

This analysis can be extended in several 
directions, Additional foreign countries 
could be included; intrafirm exports might 
be taken into explicit account; other aspects 
of U.S. and foreign tax policy (for example, 
depreciation allowances, investment tax 
credits) could be explored; and better nu- 
merical estimates of the model’s parameters 
could be developed. The analysis should in- 
corporate the dynamics of investment plan- 
ning even though the mathematics could 
become formidable. Finally, our character- 
ization of a multinational’s financial be- 
havior was rudimentary. But the analysis 
- showed that tax policy affects financial be- 
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havior, and financial behavior in turn miti- 
gates the impact of tax policy on investment 
spending. This interaction between tax 
policy and multinational finance surely de- 
serves further attention. 
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APPENDIX 


TABLE AI—SUMMARY OF MATHEMATICAL NOTATION 


Meaning 


Total return on investment net of labor and material costs, but gross of interest ex- 
pense and income taxes 

Investment 

Total interest paid on external debt 

Borrowing in external capital market 

Transfer of investable funds (debt plus equity) from parent to subsidiary 

Retained earnings available for new investment 

Interest rate applied to intrafirm debt 

Proportion of F which is debt rather chan equity 

Ratio of R& D and other headoffice charges to total foreign investment Ip) + J 
Taxable income 

Income taxes paid 

Income tax rate 

Dividends paid 

Ratio of dividends paid to earnings after income taxes 

Earnings after income taxes 

Withholding taxes paid 

Withholding tax rates applied to intrafirm dividends, interest, and headoffice charges, 
respectively 

Foreign tax credit allowed 

Relative shares of dividends, interest and headoffice charges in total foreigr-source 
income 

Binary variable equal to unity if and only if the investor has paid more foreign income 
and withholding taxes than are creditable 

Consolidated (i.e., parent plus subsidiary) after-tax income 

Effective global (i.e., foreign plus U.S.) rate of taxation of foreign-subsidiary income 
Marginal revenue from additional investment, i.e., dR /d/ 

Marginal cost of additional outside borrowing, Le., dB/dL 


Notes: The * denotes the parent’s U.S. operations, the lack of one the subsidiary’s foreign operations. The 0 sub- 
script indicates a predetermined stock, the lack of one the current flow. 


TABLE A2—VALUES AND SOURCES OF PARAMETER ESTIMATES USED IN SIMULATIONS 





Parameter Value Definition and Source 

b, b* .09 Assumed marginal cost of externally borrowed funds for parent or affiliate. 

p i 42 Subsidiary’s dividend payout ratio. According to the U.S. Office of Business 
Economics (1975), Table 4, p. 51, manufacturing affiliates had a gross divi- 
dends-earnings ratio of .40 in 1974. I have raised this estimate marginally to 
approximate a four- or five-year moving average. 

p* 33 Parent’s dividend payout ratio. This is the ratio of all U.S. manufacturing 
firms’ dividends to after-tax earnings. See U.S. Office of Business Economics 
(1975), p. S-20. 

t 391 Foreign income tax rate. This estimate is based on Kyrouz’s realized tax rates; 
see Bergsten, Horst, and Moran, Table 6-2, col. 1. 

[7 48 U.S. statutory income tax rate. 

Ep 10.67 Affiliate’s before-tax earnings. According to the U.S. Office of Business Eco- 
nomics (1975), Table 11, p. 51, the after-tax earnings of manufacturing af- 
filiates in 1974 was $6.498 Dillion. Since this is net of income taxes, I have 
grossed this figure up by dividing it by | — .391. 

h .011 Ratio of fees and royalties to total affiliate investment. According to the U.S. 


Office of Business Economics (1975), Table 10, p. 49, manufacturing affil- 
iates paid fees and royalties amounting to $1.855 billion in 1974. There is no 
reliable estimate of the total assets of U.S. manufacturing affiliates to use in 


y 
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Parameter 


WoW We 
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R* — B* 


i*® 
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Value 


AS 


2.11 
12.73 


—.0025 


—.0012 


.031 


18.3 


36.4 


TABLE A2 — continued 


Definition and Source 


deflating this figure. I consulted the U.S. Senate Committee on Finance, 
Table 12, p. 432 and obtained the estimate for $78 billion in total assets in 
1970. I assumed that total assets grew at an annual growth rate of 16.7 per- 
cent per annum (the rate of growth of affiliate sales) between 1970 and 1974, 
which gives an estimated total assets for 1974 of $170 billion. Dividing the 
$1.85 billion in royalties and fees by the $170 billion total assets yields the 
value for h of .O11. 

Withholding tax rates applied to dividends, fees, and interest payments, re- 
spectively. I have assumed that a 15 percent rate is applied to each type of 
payment. 

Net capital outflow from parent to affiliate. See U.S. Office of Business Eco- 
nomics (1975), Table 3, p. 47. 

Parent’s domestic income before taxes. According to Bergsten, Horst, and 
Moran, Table 6-1, 24 multinational manufacturers reporting sufficient statis- 
tics earned 54.4 percent of their book income before taxes from domestic 
operations. The $12.73 billion equals 54.4 percent of $12.73 billion plus 
$10.67 billion (the latter being my estimate of the affiliate’s pre-tax earnings 
above). 

The slope of the marginal revenue from new investment by the foreign affiliate. 
This slope was chosen because it implied that an elasticity of 2 for the mar- 
ginal-revenue-from-new-affiliate-investment schedule. 

The slope of the marginal revenue from new investment by the U.S. parent. 
Lacking any more reliable estimate, I assumed that the elasticity of invest- 
ment demand at home, 2, was the same as that abroad. 

The slope of the marginal cost of outside capital schedule for the foreign affil- 
iate. Once again, lacking any better estimate I assumed a slope which would 
make the elasticity of the schedule equal to 2. 

Slope of the marginal cost of outside capital schedule for the U.S. parent. 

I chose a slope such that the elasticity would once again equal 2. 

Foreign affiliate’s total assets. See note for h above. 

Total capital transferred from parent to affiliate. Robbins and Stobaugh, Ta- 
ble 4-1, Table 2, indicate that 20 percent of manufacturing affiliates’ sources 
of funds between 1966 and 1969 came from their parents. My $34 billion 
estimate for Fo is 20 percent of the $170 billion estimate for Jp. 

Ratio of intrafirm debt to total capital transfer for new and existing invest- 
ment, respectively. Estimate obtained directly from U.S. Office of Business 
Economics (1975), Table 3, p. 47 for incorporated manufacturing affiliates. 

Intrafirm interest rate. James Nunns and Gary Hufbauer, Table 2, and U.S. 
Office of Foreign Direct Investment allows us to calculate the ratio of intra- 
firm interest payments to intrafirm debt. This low average interest rate re- 
flects the use of interest-free trade credits. 

Subsidiary’s new investment in 1974, The U.S. Office of Business Economics 
(1976) Table l, p. 21 indicates that manufacturing affiliates capital expendi- 
tures were $11.7 billion in 1974. This figure includes only property, plant, 
and equipment expenditures, so I have increased this figure by 56 percent to 
include short-term capital formation. This 56 percent increase is based on the 
ratio of the estimated increase in total assets between 1970 and 1974 (see 
note for A above) and the total value of property, plant, and equipment 
expenditures over that same interval. 

According to the U.S. Senate Committee on Finance, Table 12, p. 432, the 
increase in the total assets of the U.S. parents between 1966 and 1970 was 
1.99 times as large as that of their foreign affiliates. My value of /* is 1.99 
times 18.3, my estimate of the value of Z. 





Inflationary Finance and the Dynamics 
of Inflation: Indonesia, 1951-72 


By BHAN B. AGHEVLI AND MOHSIN S. KHAN* 


In studies on the role of monetary factors 
in hyperinflation the endogeneity of the 
money supplv has emerged as a particularly 
interesting question. Phillip Cagan, in his 
seminal study on the dynamics of hyper- 
inflation, treated the supply of money as 
an exogenous variable, whose rapid ex- 
pansion caused and perpetuated the increase 
in prices. Recently, however, a number of 
studies have argued that the expansion in 
the money supply is itself a result of on- 
going inflation, and while it is still a major 
factor in affecting the rate of inflation, there 
is evidence of two-way causation. The ex- 
pansion in the nominal stock of money in- 
creases the demand for goods and services 
and thus prices, but the inflation results in 
increased government deficits which the 
authorities finance by further money crea- 
tion. For example, in their study of seven 
hyperinflation cases, Thomas Sargent and 
Neil Wallace explicitly recognized the im- 
portance of the feedback from inflation to 
the expansion in the money supply by con- 
cluding: “Such feedback appears to have 
been present in several of the hyper-infla- 
tions that we have studied. This might be 
explained by the government’s resorting to 
money creation in order to finance its ex- 
penditure,”” (p. 349). Similar conclusions 
stressing the fiscal actions of the govern- 
ment as contributing to inflation have been 
reached by Robert Barro, Rodney Jacobs 
(1975b), and Jacob Frenkel (1976b).! 


*The research on this paper was partially funded 
with a grant from the United Kingdom Social Science 
Research Council while we were at the International 
Monetary Research Programme, London School of 
Economics, on leave from the International Monetary 
Fund. We wish to thank G. Borts, R. Findlay, J. A. 
Frenkel, H. G. Johnson, P. R. Narvekar, I. Otani, and 
C. R. Wymer for many valuable comments and sugges- 
tions. The suggestions of an anonymous referee led to 
a substantial improvement in the paper. The views ex- 
pressed and any remaining errors are our own. 

‘tThis aspect has also been acknowledged recently 
by Cagan. See Cagan and George Kincaid. 
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: The policy of financing government ex- 
penditures by the creation of money has 
been pursued by many countries. This policy 
has particular attraction for those govern- 
ments which are unable to enact adequate 
tax programs or administer them effectively 
to gain the required revenue. This form of > 
deficit financing causes inflationary pres- 
sures by increasing the supply of money. 
Moreover, as mentioned before, as the in- 
flation rate rises, government expenditure 
rises faster than revenue, forcing the au- 
thorities to increase their issuance of money 
even further. The basic reason for this self- 
perpetuating effect between government 
deficits and prices is that nominal revenues 
of the government are generally fixed in the 
short run, and thus their real value falls in 
the face of rapid inflation.? At the same time 
the government’s spending commitments are 
mostly in real terms, which implies that 
nominal expenditure rises concomitantly 
with price increases. Therefore even if in the 
long run government revenues match 
government expenditures, the lag structure 
in the government’s budgetary mechanism 
creates a deficit in real terms as well as in 
nominal terms in the presence of inflation. 

There have been relatively few attempts 
to incorporate this type of phenomenon 
into a model of inflation. The problem was 
first analyzed by Michael Lovell and then 
later by Julio Olivera and Dean Dutton, 
all of whom stressed the role of the feed- 
back between inflation and increases in the 
money supply. The purpose of our paper is 
first to develop a dynamic model of deficit 
financing and the inflationary mechanism in 
a continuous time framework. The theoreti- 


2This would cover revenues from sales taxes, prop- 
erty taxes, and income taxes that are paid at their as- 
sessed nominal values. j 

3The studies of Sargent and Wallace and Frenkel 
(1976b) contain empirical evidence on the relationship 
between inflation and changes in the money supply. 


y 


VOL. 67 NO. 3 


AGHEVLI AND KHAN: INFLATIONARY FINANCE 


39] 


TABLE 1—INDONESIA: MONETARY AND BUDGETARY STATISTICS, 1952~72 
(shown in percent) 


Rate of 
Growth of Rate of 
Money Supply Inflation 
1952 13.6 22.2 
1953 19.8 0.0 
1954 26.0 10.4 
1 1955 24.6 25.6 
1956 9,3 19.8 
1957 21.6 21.1 
1958 39.3 30.2 
1959 30.6 14.4 
1960 24.4 15.4 
196i 33.3 39.3 
1962 52.0 80.1 
1963 68.2 88.9 
1964 80.4 57.7 
1965 113.5 153.1 
1966 174.7 234.7 
1967 149.9 137.7 
1968 81.9 68.5 
1969 63.5 35.4 
1970 39.2 9.0 
1971 28.0 5.5 
1972 32.0 12.7 


Ratio of Ratio of 
Government Government 
Expenditure Revenue 

to Income to Income 
17.4 14.3 
18.4 15.9 
17.0 12.9 
13.3 11.6 
14.7 13.6 
15.6 12.4 
13.5 9.1 i 
15.6 8.2 
14.9 12.8 
18.7 13.2 
9.1 5.5 
10.3 5.0 
9.5 4.) 
10.6 3.9 
9.3 4.1 
10.3 7.1 
8.9 7.6 
10.1 8.7 
13.0 9.6 . 
13.9 10.3 
14,7 10.1 


Sources: Bank of Indonesia (1972, 1973); World Bank; Sundrum (1972). 


cal model is a disequilibrium system for- 
mulated in terms of a set of differential 
equations, where real money balances, 
government expenditure and revenue adjust 
with a lag to their desired levels. Our for- 
mulation allows us to estimate the lag 
structure of the dynamic system directly 
instead of imposing the lags arbitrarily, as 
in previous studies. For example, both 
Olivera and Dutton developed discrete time 
models where all the lags are fixed a priori. 
Since the key element in the analysis is the 
inherent lag structure, the imposition of ar- 
bitrary lags is less than satisfactory.* Using 
annual data for the period 1951-72, the 
model is then estimated for Indonesia in 
continuous time, applying the methods de- 


4Insofar as Olivera was more interested in bringing 
out the basic features of the self~perpetuating nature of 
inflation and less with empirical verification of the 
theory, the limitations of his formulation are not seri- 
ous, Dutton, however, is mainly interested in testing 
his model, and therefore imposing the lags a priori is 
not justified. 


veloped by J. D. Sargan (1974) and C. R. 
Wymer (1972, 1976). One of the advantages 
of this estimation method is that the esti- 
mator is independent of the observation 
period so that the model can be specified 
and analyzed independently of the sample 
being used for estimation. 

In Section I we describe the individual 
equations that make up the complete 
model. The results from estimating this 
model, along with a simulation of the com- 
plete model, are discussed in Section I]. The 
stability properties of the estimated model 
are examined in Section III, and in Section 
IV we consider some relevant policy issues 
of deficit financing and the welfare costs of 
inflation. The implications of our analysis 
are contained in the concluding section. 


I. A Dynamic Model of Inflation 


Before formulating the model it would be 
useful to review in broad outline the mone- 
tary and price developments of the In- 
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donesian economy over the period 1951-72 
(see Table 1) and some of the factors under- 
lying these developments.? The experience 
of the Indonesian economy during the last 
two decades provides an interesting modern 
case study for znalyzing the dynamics of in- 
flation. The relative price stability achieved 
_ by the economic reforms of the mid-1950’s 
was soon undermined by the rapid mone- 
tary expansion resulting from the financing 
of military operations during the Sumatran 
rebellion of 1957-58. Despite the substantial 
price increases during [958-61 and the re- 
sulting cost overruns, the authorities not 
only maintained but substantially increased 
their total expenditure in real terms. The 
year 1961 saw the start of the ambitious 
eight-year development plan and prepara- 
tions for the West Irian campaign. The 
pressure on prices was also greatly exacer- 
bated by the severe drought of that year. 
Government expenditures were more than 
doubled during 1960-62 in nominal terms, 
but declined substantially in real terms. In 
the subsequent years of Hyperinflation, the 
government again increased expenditures in 
real terms, even as revenues in real terms 
declined steeply. As we describe later, the 
decline in revenues was a direct consequence 
of high inflation, given the structure of 
taxation and the method of collection of 
taxes in Indonesia during the observation 
period. 

The main elements in the dynamics of the 
accelerating phase of Indonesian inflation 
emerge clearly from the above description. 
Price increases were initiated, and began to 
be aggravated, by rising government ex- 
penditures in the late 1950’s and by the 
effect of the drought in 1961 on food sup- 
plies and prices. The rising prices them- 
selves led to sharp increases in nominal 
government expenditures. Since govern- 
ment revenues lagged substantially behind 
price developments, the authorities were 
forced to finance their deficits by the crea- 
tion of money. In turn, the rise in the money 
supply reinforced the. inflationary process 


SExcelient background material can be found in the 
papers by H. W. Arndt and R. M. Sundrum. 
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and prices accelerated even more. This self- 
perpetuating process caused inflation to 
spiral higher and higher until it reached the 
stage of near hyperinflation in the mid- 
1960’s.° 

We will now develop a model of the in- 
flationary process for the Indonesian case. 
The approach taken is that inflation in In- 
donesia is basically a monetary phenom- 
enon,’ and that the monetary expansion it- 
self is linked to the rate of inflation through 
the government budget, and is therefore 
treated as endogenous.® 


A. Demand for Money 


The demand for real money balances is 
specified as a function of real income and 
the expected rate of inflation, with the latter 
variable being used as a proxy for the op- 
portunity cost of holding money. In In- 
donesia, as well as in most other developing 
countries, capital markets are not well de- 
veloped, and thus the alternative to holding 
money balances is for the most part to hold 
goods. Since the real value of money 
balances is decreased by rises in the price 
level, the expected rate of inflation can be 
treated as the opportunity cost of holding 
money. There is, of course, some substitut- 
ability between money and bonds, and a 
rate of interest should also be introduced to 
measure the opportunity cost of holding 
money relative to bonds. Rates of interest 
in Indonesia, however, are controlled by the 
authorities and thus not accurate in reflect- 
ing market conditions. On pragmatic 
grounds we have excluded the rate of in- 
terest from the relationship. 


Strictly speaking, the Indonesian inflation never 
reached the hyperinflation stage as defined by Cagan 
(i.e., 600 percent or more per annum). Cagan’s defini- 
tion is rather arbitrary, however, and one could argue 
that the Indonesian inflation of the mid-1960’s shared 
most of the common characteristics of other hyperin- 
flation cases. 

7This appears to be consistent with other studies of 
inflation in developing countries. See, for example, 
Arnold Harberger, Adolpho Diz, Colin Campbell, and 
more recently, Robert Vogel. 


8This is in contrast to previous studies where mone- ,~ 


tary expansion is considered to be the main exogenous 
factor leading to a rise in prices. 
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The desired stock of real money balances 
is formulated as follows:° 


(1) (M/P)4=aYe™ b>0 


where M/P = stock of real money balances 
Y = level of real income 
P = price level 
m = expected rate of inflation 


li 


ij 


The income elasticity of the demand for 
money is constrained to equal unity.'° The 
parameter a is the inverse of velocity con- 
sistent with zero rate of inflation and b is 
the inflation coefficient. 

In this framework, it is assumed that the 
authorities control the nominal stock of 
money while the public determines the real 
stock with prices adjusting to clear any dis- 
equilibrium in the money market. It is 
further assumed that the public does not 
adjust its balances instantaneously. The rate 
by which the actual balances are adjusted to 
desired levels is a function of excess demand 
for money and this relationship is written 
according to the following log-linear func- 
tion, where D is a differential operator (D = 
d/dt): 


| oh [MPY] 
(2) Dlog(M/P) = og | ML 


= [log a + log Y — br — log (M/P)} 
6>0 


In this formulation, the partial adjustment 
coefficient ô measures the speed of adjust- 
ment. That is, the inverse of 6 is the mean 
lag of the adjustment process (it takes a 
period of 1/8 for 66.6 percent of any excess 
demand for money to be eliminated through 
the change in real balances). 


In the absence of clear evidence on whether the ap- 
propriate functional form is double-log or semilog, 
and because most studies have used the latter specifica- 
tion, we have maintained the semilog form. For a dis- 
cussion of this issue see Frenkel (1976b). 

l0In order to test the validity of this assumption, the 
income elasticity of the demand for money was first 
estimated using a single equation approach: This re- 
sulted in a point estimate of 1.02 which was not signifi- 
" cantly different from unity. We then constrained the 
value of income elasticity to one in order to increase 
the efficiency of the other estimates of the model. 
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Inflationary expectations are formed ac- 
cording to the following adaptive expecta- 
tions formulation: ” 


(3) Dr = $[D log P — =] 





which implies + = = $ D log P 


+ ġ 
Substituting for r from (3) into (2) and re- 
arranging results in the following second- 
order differential equation: 


(4) D*log(M/P) + ¢ D log (M/P) = 
ôlap + D log Y + élog Y — bọ DlogP ' 
- b D log (M /P) — ¢ log (M /P)) 


In principle the above formulation allows 
one to differentiate between the speed of ad- 
justment of real balances to their desired 
level 6, and the speed of adjustment of in- 
flation expectations @, by estimating both 
parameters separately. In order to estimate 
second-order systems of differential equa- 
tions reliably, however, one needs fairly ac- 
curate monthly or at least quarterly data. In 
the absence of such data, we are forced to 
approximate the above second-order dif- 
ferential equation by a first-order one where 
both adjustment parameters of real balances 
and inflation expectations are incorporated 
into one parameter. As Cagan has pointed 
out, one can assume that either real balances 
or inflation expectations adjust instan- 
taneously (i.e., either 6 or ġ approaches in- 
finity) and derive the identical reduced form 
for the rate of inflation given below:'” 


Hin a more general framework, one should proba- 
bly allow for a regressive element in expectation for- 
mations along the lines suggested by Frenkel (1975) 
and Michael Mussa. In a simultaneous model, how- 
ever, this would complicate the estimation process sub- 
stantially, and we have thus neglected the regressive 
element in the formation of inflation expectations. 

12 Assuming that there is no lag in formation of in- 
flation expectations (i.e., m = D log P) and manipulat- 
ing equation (2) results in equation (5) where A is equal 
to 6. Alternatively, assuming there is no lag in adjust-. 
ment of real balances (i.c., (A4/P)4 = (M/P)) and sub- 
stituting from (3) into (i) results in the identical re- 
duced form as equation (5) where A = @ with only one 
additional term in the bracket which is D fog Y. The 
rate of growth of real income in a situation of high 
inflation is quite negligible relative to the other terms 
in equation (5) and it can be ignored. 
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# 


i 
a seee 
(5) D log P aa 


[D log M + Alog M 
— Alog P — Alog Y — A loga] 


In this formulation, the parameter À is a 
composite coefficient which can be inter- 
preted as a mixture of both lags involved in 
adjustment of real balances as well as infla- 
tion expectations. Some recent empirical 
work by Teh-wei Hu, who has estimated a 
similar relationship to equation (4) for the 
Chinese hyperinflation, indicates that, at 
least for that case, real balances adjusted to 
the desired level very rapidly while the lag 
involved in the adjustment of inflation ex- 
pectations was considerably longer. This 
finding seems to be in line with the intuitive 
expectations regarding the relative impor- 
tance of the two lags involved. Thus, we 
suspect that the coefficient A in equation (5) 
will measure mostly the adjustment co- 
efficient @ of the formation of inflation ex- 
pectations. 

One point to note about equation (5) is 
that since it specifies inflation as a depen- 
dent variable it avoids any of the problems 
with Cagan-type money demand functions 
that Jacobs (1975a) has recently mentioned. 
Equation (4), which is essentially the esti- 
mating form used by Dutton, may yield 
biased parameters due to spurious correla- 
tion between prices and nominal money 
balances.'? 


B. Government Budget 


In Indonesia, as in most developing 
countries, the level of private investment is 
regarded by the government authorities as 
generally too small to provide the economy 
with adequate capital formation. The gov- 
ernment is itself thus forced to finance many 
large development projects in order to meet 
certain growth targets. This would imply 


1 Jacobs (1975a) actually proposes relating real 
money balances to current and past values of the 
nominal money stock rather than current and past 
value of prices as is done in standard Cagan-type 
models. Since in such models it is the rate of inflation 
‘that is the endogenous variable, equation (5) would 
seem to be more appropriate. For a discussion of this 
issue see Khan and also Cagan and Kincaid. 
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that the authorities are committed to meet 
certain expenditures regardless of cost over- 
runs. Assume the authorities desire to fix 
the real value of the expenditures they un- 
dertake as a constant fraction of real 
income, Due to many institutional bottle- 
necks, the level of real government expendi- 
ture cannot be adjusted to the desired level 
instantaneously. Assuming that the real ex- 
penditure is adjusted to the desired level 
with a lag, the following relationship can be 
written where the rate of change of real ex- 
penditure G is a log-linear function of the 
discrepancy between the actual and desired 
levels, where G? denotes the desired level of 
expenditure. 


d 
(6) Diog G = log Bi 
= y[logg + log Y — log G} 
where G%=g¢Y 


Similarly, the desired level of government 
revenue can be assumed to be a constant 
fraction of income. Due to the structure of 
taxation and the method of collecting taxes 
in Indonesia, however, nominal revenues 
tended to adjust slowly to price develop- 
ments. The Indonesian tax system depended 
heavily on indirect taxes and, in particular, 
on foreign trade taxes. The buoyancy in tax 
revenues that obtains during periods of 
rising nominal income in economies with 
progressive direct tax systems was there- 
fore not in evidence in Indonesia, The in- 
direct taxation of domestic transactions was 
in large part either specific or ad valorem, 
with infrequently adjusted base values. It 
was therefore not adequately responsive to 
changes in the nominal values of transac- 
tions. Also, the normal lag in collecting 
taxes meant, in the period of inflation, a 
substantial lowering of the real value of tax 
collections. Further, the efficiency of the tax 
collection machinery was seriously affected 
by the inflation. Proceeds from the taxation 
of exports fell, not only because of the de- 
cline in the world market prices of rubber 
and other principal items that occurred dur-. ` 
ing the first half of the 1960’s, but also be- 
cause of a reduction in exportable surpluses 
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and large-scale underinvoicing of exports. 
With inadequate adjustment of the ex- 
change rate, the real value of import duty 


collections also declined. Nevertheless, as ` 


the actual taxes fell short of the desired 
levels, the authorities put more pressure on 
the tax collection agencies to increase the 
tax: revenues through more “tax effort.” 
The rate of change of nominal taxes can 
thus be specified analogous to the expendi- 
ture equation where T’ denotes the desired 
level of nominal taxes. 


T? T 
(7) DlogT = log F 


= r|logt + log Y + log P — log T] 


T’=tYP 

There are two a priori observations 
which can. be made in regard to the co- 
efficients of equations (6) and (7). First, 
one would expect that the authorities would 
be able to adjust the level of real expendi- 
ture to the desired level faster than nominal 
taxes. Second, the value of the authorities’ 
desired propensity to tax rf, should be close 
to the desired propensity to spend, g. There- 
fore, the parameters would have the follow- 
ing properties: 0 < 7 < y < %; and ~ g. 


where 


C. Money Supply 


Under a fractional reserve system, the 
change in the money supply can be specified 
as a multiple of the change in the stock of 
reserve money: 


(8) DlogM = DM/M = ,DRM/M 


where 7 is the fractional reserve coefficient 
(the money multiplier) and RM is the stock 
of reserve money. The money multiplier 
was relatively stable over the period and we 
have chosen to treat it as a fixed parameter." 

Changes in reserve money come from 
three sources: the government domestic 


4Since banking development in Indonesia was in 
relatively early stages, the money supply was mostly 
comprised of currency, and the banks did not engage 
in large amounts of multiple creation of money under 
the fractional reserve system. Thus, the value of money 
multiplier remained around 1.2 over this period with 
relatively smaller fluctuations. For an analysis of com- 
ponents of the money multiplier, see Aghevli (1977a). 
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deficit; changes in central bank credit to the 
nongovernment sector; and the private sec- 
tor’s balance of payments. The private sec- 
tor’s balance of payments was clearly ad- 
versely affected by the rapid inflation and 
the inappropriateness of the exchange rate. 
Thus, the deficit in the balance of payments 
tended to offset partially the effect of the 
fiscal deficit on the reserve money, par- 
ticularly in the early period. As the rate of 
inflation increased, however, the role of 
balance of payments in determination of re- 
serve money was minimized as the authori- 
ties relied on frequent devaluations and 
severe trade controls in order to counteract 
the effects of domestic inflation. In a more 
complete model the balance of payments 
can also be studied, but for this study it is 
assumed to be exogenous. This assumption 
should not alter the results too much as 
most of the changes in-reserve money have. 
originated in government deficit financing. 
The changes in reserve money can be 
written according to the following identity: 


(9) DRM =GP-T+H 


H is a residual item that includes the private 
sector’s balance of payments, foreign ex- 
penditures made by the government, and 
changes in claims of the central bank on the 
nongovernment sector. In this model H is 
treated as an exogenous variable. Substitut- 
ing equation (9) into (8) results in the fol- 
lowing equation for the money supply: 


(10) DlogM =» eae 


Il. Estimation Results 


The model consists of four first-order dif- 
ferential equations determining the rates of 
change of prices, real government expendi- 
ture, nominal taxes, and money supply 
given by equations (5), (6), (7), and (10), 
respectively. The complete model is repro- 
duced below: 


_t e 
I — Ab 
+ Alog M — Alog P 
~ A log Y — Allogaj] 


(lla) DilogP = [D log M 
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(11b) DlogG 
(lic) D log T 


y[log g + log Y — log G] 
t[log t + log Y + log P 
— log T] 


* 


n EZT + H 
M 


II 


(lid) D log M 


Il 


The first three equations are linear in log- 
arithms whereas the last equation, deter- 
mining the rate of change of money supply, 
is non-linear, thus making the complete 
model non-linear in variables. Since for 
estimation by any systems method it is 
much easier to work with linear models, the 
last equation was linearized by taking its 
Taylor series expansion around its steady- 
state values.! 

The complete model was estimated in 
continuous time using the technique de- 
veloped by Sargan, and Wymer (1972). This 
technique is particularly suitable for esti- 
mating dynamic systems as it allows one to 
specify the model as a set of differential 
equations. Conventional econometric models 
are usually specified in terms of discrete 
time, which imposes the entirely arbitrary 
‘assumption that the decision period of all 
economic agents is the same and that the 
frequency of decisions happens to cor- 
respond to the aggregate data available. 
The estimation method used here provides, 


i5This linearization procedure about the steady state 
‘yields the equation: 


Dlog M = -mo — m; llog G + log P) — my log T 
— log M — m4 log H 

where 
P*G* — T* + H* PIG? 





* G* * 
MS Oe > MA Me 

P*G* —T* + H* |. H* 
m=i g a -n a 


where P* refers to the steady-state value of P and so , 


on, 
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TABLE 2—-MODEL ESTIMATES 


Rate of infiation 
D iog P = 1.91 [D log M 
l (0.20) 
+ 0.87 ( -2.34 + log M — log P ~ log Y) 
(0.09) (0.07) 
RMSE = 0.28 
Government expenditure 
D log G = 8.03 [2.09 + log Y — log G] 
{3.60)(0.05) 
RMSE = 0.26 


Government revenue 
D log T = 2.64 [2.29 + log Y + log P ~ log T) 


(0.52)(0.08) 
RMSE = 0.20 
Money supply 
AET BEA 
(0.009 M 
RMSE = 0.13 


first, a discrete time approximation to the 
continuous model; and second, since the 
approximation introduces a moving average 
process into the error structure, efficient 
and consistent estimates of the parameters 
in the approximated model.'$ 

Since the model is linearized we were able 
to estimate it using the Full Information 
Maximum Likelihood (FIM L} estimator-— 
FIM L utilizes all a priori restrictions on the 
complete system in order to estimate the 
structural coefficients simultaneously by 
maximizing the likelihood function of the 
model. On the basis of asymptotic theory it 
appears to be the best estimator. 

The estimates of the structural model are 
given in Table 2, where the standard errors 
of the parameters are given in parentheses 
below the respective coefficients. (For data 
sources, see Table i.) 

All the parameters in the model have the 
expected signs and are significantly different 
from zero at the 5 percent level. The root 


l6In certain special cases when the model comprises 
only stock or instantaneous variables, sucn as the Ca- 
gan model, the discrete approximation may not cause 
any problems with the errors. However, in any general 
mixed stock-flow model the approximation procedure 
will result in the errors containing a moving average. 
Fer a full discussion of the econometric issues in- 
volved the reader is referred to Sargan, and Wymer 
(1972, 1976). 
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TABLE 3—-STRUCTURAL PARAMETER ESTIMATES 


à = 0.87 n= 1.18 a = 0.097 
(0.09) (0.06) (0.007) 
y = 8.04 g = 0.123 b = 0.549 
(3.65) (0.006) (0.079) 
T= 2.64 t = 0.102 
(0.53) (0.008) 


mean-squared error of each equation is 
denoted by RMSE and represents the per- 
centage error in the level of the endogenous 
variables.” Based on the above estimated 
coefficients, the values of the parameters of 
the system are given in Table 3, where the 
standard errors are given in parentheses 
underneath the coefficients. In the first 
equation the constant term implies that the 
desired velocity of money consistent with 
zero inflation is about 10, and the inflation 
elasticity is not inconsistent with the values 
obtained by Cagan (1956).'® The partial ad- 
justment coefficients for inflation, real 
government expenditure, and taxes imply 
mean time lags of 14, 1.5, and 4.5 months, 
respectively. The mean time lag for taxes is 
about three times as large as the govern- 
ment expenditure lag, thus indicating that 
in a period of rising prices the revenue from 
taxes will continually fall short of govern- 
ment expenditures and result in increasing 
deficits. It should be noted that the co- 
efficients g and ¢ are not significantly dif- 
ferent from each other, thus implying that 
the marginal income propensities of desired 
government expenditure and taxes are al- 
most the same. Therefore, even though the 
authorities set the targets of expenditure 
and revenue from taxes to match, an in- 
crease in inflation will still produce a deficit 
due to the presence of lags in the system. 
The estimated coefficient for the money 
multiplier » implies that government deficits 
affect the money supply on an almost one- 
to-one basis. 

In order to test the goodness-of-fit of the 
estimated model shown in Table 2, we per- 


IIt should be noted that the root mean-squared 
errors refer to the rates of changes of the dependent 
variables. 

\8When Cagan values are converted to an annual 
basis. 
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TABLE 4—COMPARISON OF ACTUAL 
AND SIMULATED VALUES 


Root 
Mean- 
Correlation Squared 

Variable Coefficient Error 
Prices 0.997 0.068 
Government expenditure 0.998 0.062 
Government revenue 0.998 0.047 
Money supply 0.999 0.031 


formed a within-sample dynamic simulation 
for the four endogenous variables. A com- 
parison of the actual and simulated values 
gives an indication of whether the model is 
able to capture the historical behavior of 
the endogenous variables.!? The simulated: 
and actual values (/ogs) of prices, real 
government expenditures, government 
revenue from taxes, and the money supply, 
are shown in Figure |. The charts show that 
the model is fairly accurate in capturing the 
movements of the four variables. The simu- 
lated values, especially towards the later 
part of the period, lie very close to the 
actual values. Table 4 represents the corre- 
lation coefficients and root mean-squared 
errors between the actual and simulated 
values of the four endogenous variables. 
Both sets of statistics provide support for 
the goodness-of-fits observed in Figure 1. 
There is no indication of any explosive be- 
havior on the part of the simulated values 
since the deviations between the actual and 
simulated paths of the variables grow 
smaller over time.” 


HI. Dynamic Stability of the Model 


The question of stability and steady-state 
equilibrium is of particular interest for a 


12A dynamic simulation can also be used to test the 
stability of the estimated model by examining the de- 
viations between the actual and simulated paths of the 
endogenous variables. In the following section this 
question of stability will be considered in more detail. 

20]t should be noted that some further work on the 
Indonesian monetary sector seems to indicate that 
there may have been some structural changes in the 
parameters of the system following the change of gov- 
ernment in 1966. Due to the lack of adequate obser- 
vation, however, we were not able to test for this 
change rigorously. 
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PRICES 


po’ Actual 


GOVERNMENT EXPENDITURE 


Actual 


oD” Fitted 


1 1954 1963 





JUNE 1977 


MONEY SUPPLY 


GOVERNMENT REVENUE 


Actual J 


1972 1954 1963 1972 


FIGURE 1. INDONESIA 
DYNAMIC SIMULATION OF THE MODEL, 1954-72 


model of the type described in this paper. 
As stated earlier, as prices rise, nominal ex- 
penditure rises faster than nominal revenue. 
Financing this ‘“‘excess expenditure” will 
cause an increase in the money supply, 
raising prices further. It is important to 
analyze whether such a self-perpetuating 
process of inflation converges to a steady- 
state equilibrium value or whether the sys- 
, tem is explosive. 

One way to analyze stability is to give the 
dynamic system an exogenous shock and 
trace its effects on the endogenous variables 


far into the future until one is satisfied that 
the system is not explosive. This type of 
simulation exercise has been carried out by 
Dutton in order to establish the stability of 
his model. Like a dynamic simulation this 
procedure, however, is merely suggestive 
since it will not prove stability conclusively. 
In our model the issue of stability can easily 
be studied by analyzing the eigensystem of 
the dynamic model. Disregarding the move- 
ment of the exogenous variables, a neces- 
sary and sufficient condition for stability is 
that the real parts of the eigenvalues of the 
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TABLE 5—ESTIMATES OF EIGENVALUES 
OF THE SYSTEM 


Eigenvalues 


Damping Period of 

Imaginary Period Cycle 
Real Part Part (Months) (Months) 
—0.82 14.5 
(0.09) 
—8.04 j 1.5 
(3.60) 
—2.00 +2.12 6.0 35.5 
(1.03) (0.37) 


system have negative values. An explicit 
derivation of the eigenvalue of the system 
is too cumbersome but the eigenvalues can 
be estimated numerically from the estimated 
coefficients. The calculated values of the 
eigenvectors are given in Table 5, where the 
standard errors are given underneath the 


coefficients. As it can be seen the system has ~ 


two real roots and two complex roots which 
are complex conjugates of each other, and 
since all the roots have negative real parts, 
the system is stable. 

The next issue is to derive the steady-state 
value of the inflation rate that would prevail 
if no exogenous shocks were given to the 
system. Let p and u denote the steady-state 
rates of growth of the money supply and 
real output, respectively. It can be shown 
that the steady-state level of real money 
balances, real government expenditure, and 
nominal taxes are given by the following 
relationships.”! 


2i[n order to derive the steady-state level of nominal 
balances, real government expenditure, taxes, and in- 
flation, consider the following solutions to the dynamic 
system made up of (J 1a), (1 1b), (11c), and (11d), where 
pi denotes the steady-state rate of growth in each equa- 
tion, uw is the exogenously given rate of growth of out- 
put, and t is a time trend: 


M = Mo exp (pıt) 

G = Go exp (p21) 

T = To exp (p3t) 

P = Poexp (pat) 
Substituting the above equations into the system and 
setting the exogenous variable H equal to zero, we get 
equations (12), (13), and (14) as a steady-state solu- 


tion of the system. It should be noted, however, that 
this solution ts not necessarily unique. 
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(12) (M/P) = aY exp l- E bp - n) 
(13) G = g Yexp - J 

Y 
(14) T = 1Y Pexp > | an 


It would be useful to present some of the 
steady-state implications, of the model. In 
the steady state, rate of monetary expansion 
p would be equal to the real rate of growth 
u, plus the rate of inflation m (.e., p =u + 
a). Utilizing this relationship we can derive 
the following expression which specifies the 
real deficit as a function of inflation and 
speeds of adjustment of government expen- 
diture and revenue: 


GP tty r 
log (ZF = log (g/t) + -(! 1) + . 


The above relationship indicates that for 
given speeds of adjustment, 7 and y, higher 
rates of inflation induce higher real deficits. 
This property of the model should come 4s 
no surprise as the model was constructed in 
order to precisely capture this element of 
the self-perpetuating mechanism. More- 
over, a lower speed of adjustment of taxes 
7, and a higher speed of adjustment of 
government expenditure also lead to higher 
real deficits as expected. It should be noted 
that the steady-state inflation rate itself is 
endogenous in our model and can be de- 
rived as a function of the various speeds of 
adjustment of the dynamic model. Sub- 
stituting equations (12), (13), and (14) into 
(11d) results in 


(15) p= (g/d epg -$ + Blo - p) 


- (r/a) apl -2 +b- J 


The steady-state rate of growth of real in- 
come u, can be approximated by the aver- 
age annual rate of growth over the period. 
The value of u is about 0.016 and it re- 
mained relatively fixed over the period un- 
der study. Substituting the numerical values 
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for the parameters we can solve equation 
(15) numerically to get the steady-state rate 
of monetary expansion p and inflation (Le., 
a = p —p). The value of p is about 165 per- 
cent, which implies a steady-state rate of in- 
flation of about 163 percent. Such a high 
steady-state rate of inflation points to the 
inherent tendency of the system to generate 
high inflation rates. Since the government’s 
desired propensity to spend in our results 
was very close to its desired propensity to 
tax, the system’s tendency to generate high 
rates of inflation is mostly a consequence of 
the longer lag in the adjustment of taxes. 


IV. Welfare Costs and Revenue from Inflation 


In this section we will consider some of 
the implications of the deficit financing 
policies pursued by the authorities. As 
pointed out by Cagan and others, deficit 
financing can be viewed as a tax on holders 
of real balances whose assets are con- 
tinuously devalued by the inflation. The 
~- government revenue from inflation tax can 
then be written as follows where rate of 
monetary expansion p, and the value of real 
balances (/P) can be viewed as the “tax 
rate” and the “tax base,” correspondingly. 


(16) Mes (F) 


In this formulation higher rates of monetary 
expansion lead to a reduction of tax base 
due to the induced inflation which reduces 
the demand for real balances. The value of 
inflation tax will thus be maximized at the 
point where the marginal rise due to the in- 
crease in the tax rate is equal to the mar- 
ginal fall due to the decrease in the tax base. 
Thus, the revenue maximizing rate of mone- 
tary expansion is given by the expression 
p = 1/b. Substituting the estimated value 
of b, which is 0.55, results in a value of 180 
percent for the revenue-maximizing rate of 
monetary expansion.” 


221t is clear from expression (17) that the revenue 


from inflationary finance is maximized by setting p, 
equal to 1/b. See Robert Mundell, and Alvin Marty 


(1967, 1973), 

23Our value of the revenue’ maximizing rate of 
monetary expansion is much higher than the values ob- 
tained by Milton Friedman and Frenkel (1976a). The 


JUNE 1977 


It is interesting to note that this value is 
very close to the steady-state rate of mone- 
tary expansion of the model. Thus, it seems 
that the authorities’ budgetary policies were 
consistent with maximizing the government 
revenue from inflation tax, which led to 
very high rates of inflation. High rates of in- 
flation, however, reduced the real value of 
other taxes due to collection lags involved, 
as can be seen from equation (14). More- 
over, high inflation rates impose additional 
costs on the public which can be viewed as a 
cost of collection for the inflation tax. 

There are two types of cost associated 
with inflation. First, inflation affects the dis- 
tribution of resources, This effect will be 
particularly pronounced in the short run 
since the unanticipated inflation rate affects 
the various sectors of the economy dif- 
ferently. The distributional impact of in- 
flation is quite complex and depends on 
many institutional factors which cannot be 
readily quantified. For the purposes of this 
study, the redistributive-disruptive effects of 
inflation are neglected by assuming that in- 
flation is fully anticipated and discounted 
for by the government and the public. The 
second cost of inflation is the welfare cost 
of the reduction in real balances due to in- 
flation. Following the literature on this 
topic,” inflation can be viewed as a tax on 
holders of real balances. This cost can be 
computed in the steady state by measuring 
the area under the demand for real balances 
curve as suggested by Bailey. To use Bailey’s 
analysis, the inflation can be viewed as ‘“‘the 
subjective marginal rate of substitution of 


major difference seems to be in Friedman’s assumed 


velues for the inflation elasticity b (i.e., 2, 10, and 20), 
which were also subsequently used by Frenkel, and our 
estimated value of 0.55, It is interesting to note that 
our estimated value of b (i.e., 0.55) is quite close to the 
values provided by Cagan for a set of hyperinfiation 
ccuntries, Campbell for Korea and Brazil, Diz for 
A-gentina, and Vogel for a set of Latin American 
ccuntries. 

24For an analysis of this concept see Martin Bailey, 
ar.d Marty (1967, 1973). It should be mentioned that 
for simplicity, we have only considered the welfare cost 
of inflation in the steady state. The considerations of 
dynamic paths, however, could alter the results as the 
welfare cost of inflation is quite sensitive to the forma- 
tion of inflation expectations. See Leonardo Auern- 
heimer, Charles Cathcart, and Frenkel (1975a). 
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TABLE 6—REVENUE MAXIMIZING AND PRICE STABILIZING RATES 
OF MONETARY EXPANSION 


Rate of Monetary Tax Revenue as 


Expansion in Percent of 
Percentage Income 
p T/ YP 
p=p= 1.6 10.1 
p= 1/b = 182 5.0 


real goods for cash balances for everyone 
holding the latter” (p. 94). The welfare cost 
of inflation as a fraction of income can then 
be determined by the following integral 
where mo and m, correspond to the levels of 
real balances consistent with rate of mone- 
tary expansion of zero and p, respectively.” 


(17) W = + f” ram?) = 


mg 


a i 
5 (v — u+ n) aexp[—b(p — p)]. 


In order to have some idea of the relative 
importance of this welfare cost, we have 
computed the revenue from normal taxes in 
addition to the revenue from deficit financ- 
ing and the welfare cost of the induced in- 
flation, as ratios of income from expressions 
(14), (16), and (17). The results are given for 
the revenue maximizing rate of monetary 
expansion (i.e., p = |/b) as well as the price 
stabilizing rate of monetary expansion (i.e., 
p = #)in Table 6. A comparison of the two 
sets of computations reveals that if the au- 
thorities choose to maximize their revenue 
from deficit financing instead of pursuing 
the goal of price stability, they will increase 
their total revenue from 10 to 11 percent of 
the national income. This increase is quite 
marginal since much of their rise in revenue 
from deficit financing is counterbalanced by 
the fall in the value of other taxes due to 
the collection lags which increase with the 
inflation rate.” Moreover, this marginal rise 


25Substituting from equation (12) and integrating 
by parts results in expression (17). 

26In the absence of alternative means to obtain reve- 
nue, however, a case can be made for moderate 
amounts of deficit financing when the proceeds are 
used to finance development expenditure; see Aghevli 
(1977b). 


Revenue from Deficit 


Welfare Cost of 


Financing as Percent Inflation as 
of Income Percent of Income 7 
M/YP Ww 
0 0 
6.0 14 


in the revenue is achieved by imposing a 
substantial welfare cost on the public. In 
fact, the welfare cost of inflation at the 
revenue maximizing rate of monetary ex- 
pansion is larger than the total revenue col- 
lected by the authorities. Thus, it is clear 
that it does not make much sense to indulge 
in such expansionary policies. In fact, the 
authorities would have been able to secure 
just as much real revenue had they pursued 
a policy of price stability by reducing the 
lag in collection of taxes. 


V. Conclusion 


In this paper we have developed a dy- 
namic model of inflation based on the idea 
that the rate of inflation tends to increase 
nominal expenditure faster than revenue. 
The resultant budget deficit increases the 
money supply and induces further infla- 
tionary pressures. This  self-perpetuating 
process is formulated in a continuous time 
framework and a system of stochastic dif- 
ferential equations is estimated simul- 
taneously. This model seems to explain the 
Indonesian inflation quite well. 

The model was then used to draw some 
policy implications in regard to the steady- 
state rate of monetary expansion which 
would maximize government revenue, It 
was shown that while high rates of mone- 
tary expansion would increase the govern- 
ment revenue from issuance of money, the 
resultant increase in inflation would reduce 
the real value of taxes which adjust with a 
lag to price developments, leading only to 
marginal increases in total government 
revenues. Moreover, higher rates of infla- 
tion impose a substantial welfare cost which 
can be viewed as a collection cost of infla- 
tion tax. Incorporating all of these ele- 
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ments, it was argued that the authorities 
should aim to keep the goal of price stability 
by increasing the speed of adjustment in 
their tax collection which would break the 
vicious cycle of the self-perpetuating infla- 
tion. 

This study also has important implica- 
tions for other countries which resort to 
deficit financing indiscriminately. As the 
Indonesian case indicates, the self-perpetuat- 
ing process of inflation could easily lead to 
hyperinflation causing serious economic, as 
well as political, instability. 
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-= The Use of Approximation Analysis to Test 
for Separability and the Existence 
of Consistent Aggregates 


By MICHAEL DENNY AND MELVYN Fuss* 


Empirical analysis of production func- 
tions has typically been pursued by postu- 
lating a substitutable relationship between 
aggregate indices of heterogeneoug capital 
and labor inputs. More recently, Ernst 
Berndt and David Wood, and Fuss, among 
others, have included aggregate indices of 
similarly heterogeneous energy and mate- 
rials inputs among the postulated factors 
of production. The use of aggregate input 
indices requires the assumption that the 
production function is separable in these 
aggregates.’ Separability implies that mar- 
ginal rates of substitution between pairs of 
factors in the separated group are indepen- 
dent of the levels of factors outside that 
group. Berndt and Laurits Christensen 
_ (1973b) have shown that an alternative defi- 
nition is that Allen partial elasticities of 
substitution between a factor in the separa- 
ble group and some factor outside the 
group be equal for all factors in the group. 
The separability specification substantially 
restricts the structure of technology and 
therefore the possible functional form of the 
production function. On the other hand, 
separability permits the use of aggregate 
data when disaggregated data are unavail- 
able or of poor quality. Separability is con- 
sistent with .decentralization in decision 
making, or equivalently, optimization by 
stages. It opens up the possibility of multi- 


*Associate professors of economics, University of 
Toronto; research associates, Institute for Policy 
Analysis. We wish to acknowledge helpful comments 
from Ernst Berndt, Lawrence Lau, and an anonymous 
referee, but retain responsibility for any remaining 
errors. This paper is a condensed and somewhat 
simplified version of our working paper with the same 
~ fitle, to which the reader is .referred for technical 
elaboration of the concepts presented. 

1We are implicitly assuming that factor prices do 
not vary in propertion, so that Hicks’ aggregation 
theorem does not provide a means of justifying the use 
of aggregates. 


stage estimation of production decisions 
using consistent aggregates in the latter 
stages. Even when adequate disaggregated 
data are available multistage estimation 
may be the only feasible procedure when 
large numbers of inputs are involved.” 

Thus separability is a pivotal concept in 
production function estimation. Yet until 
recently separability and the existence of ag- 
gregate inputs were assumed a priori in vir- 
tually all production function studies. In 
two recent papers Berndt and Christensen 
(1973a, 1974) have provided the first em- 
pirical tests of separability and the possible 
existence of consistent aggregates of labor 
and capital, using one of the currently avail- 
able flexible quadratic functional forms, the 
translog function. In carrying out their 
tests, Berndt and Christensen implicitly as- 
sume that the true underlying production 
unction is translog (i.e., the translog func- 
tion “exactly” represents the underlying 
production process). An alternative, more 
general interpretation of quadratic func- 
tional forms is that they are second-order 
“approximations” to some unknown arbi- 
trary production function. This approach 
has been advocated by Lawrence Lau and 
Christensen, Dale Jorgenson, and Lau 
(1973, 1975). The distinction is important 
since the two approaches lead to different 
separability tests with different characteris- 
tics, even when the analysis is organized 
around the same functional form. 

In this paper, we demonstrate first that 
the tests performed by Berndt and Christen- 
sen based on an exact interpretation of the 
translog function are more restrictive than 
is readily apparent and therefore cannot be 


accepted as general tests of the separability 
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2For an example see the two-stage procedure used 
by Fuss. 
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hypothesis.’ In particular, the separable 
functions must be either Cobb-Douglas 
functions of translog subaggregates or 
translog functions of Cobb-Douglas subag- 
gregates.* Second, we develop tests of this 
property based on the translog function as a 
quadratic approximation which are less re- 
strictive than the Berndt-Christensen tests, 
since they do not impose a Cobb-Douglas 
structure on any portion of the underlying 
function.’ Finally, we apply the approxi- 
mate tests to the Berndt-Christensen data. 
We find little evidence in support of labor 
aggregation, confirming the Berndt- 
Christensen results. Separability of equip- 
ment and structures from aggregate labor 
cannot be rejected, but the form of the 
separability is not that accepted by Berndt- 
Christensen. Somewhat to our surprise, we 
find that after estimating a “flexible” func- 
tional form—the translog—we find evi- 
dence of the existence of complete strong 
separability in the form of a “rigid” func- 
tional form—the three-factor constant elas- 
ticity of substitution (CES) function. This 
structure is strongly supported by evidence 
from the cost function estimates. The pro- 
duction function results are less definitive 
and could reasonably encompass the alter- 
native interpretation. 


I, The Exact Test for Separability 


The basic problem with the Berndt- 
Christensen exact tests for separability is 


3At the time this paper was being written we became 
aware of a paper by Charles Blackorby, Daniel 
Primont, and Robert Russell which also contains this 
demonstration. i 

4The other flexible functional form which appears in 
the literature, W.E. Diewert’s generalized Leontief, 
also has a restrictive separable form when viewed as 
exact. The linear separability conditions imply that the 
production function is a linear function of generalized 
Leontief aggregates. The non-linear separability condi- 
tions imply that the function is a generalized Leontief 
function of CES aggregates. Within each of the aggre- 
gates the subaggregates have a common elasticity of 
substitution equal to 2. 

5These tests are similar in nature to the approximate 
tests found in Christensen; Jorgensen, and Lau (1975) 
and some of them are derived in Jorgenson and Lau 
for the case of translog utility functions. For example, 
Proposition 4 below is called groupwise separability 
by Jorgenson and Lau. Proposition 5 is called in- 
trinsic/explicit groupwise separability. 
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that they are not just tests of the null hy- 
pothesis of separability. Rather, they are 
tests of the joint null hypothesis of separa- 
bility and a particular inflexible functional 
form for either the aggregator functions or 
the production function as a function of 


aggregate inputs.° This result is contained in 


Proposition 1. 


PROPOSITION 1: The separable form of a 
translog function interpreted as an exact 
production function must be either a Cobb- 
Douglas function of translog subaggregates 
or a translog function of Cobb-Douglas sub- 
aggregates. . 


Since our empirical analysis involves the 
uses of three inputs we will demonstrate 
this assertion for the three-input case. This 
is the example used by Berndt and Christen- 
sen (1973a, 1974). In this section we provide 
an intuitive derivation of our assertion. A 
more formal proof for the three-input case 
is outlined in the Appendix. The proof of 
this result for an arbitrary number of fac- 
tors partitioned into two aggregates or for 
an arbitrary number of aggregates involves 
a straightforward extension of the elements 
of the proof contained in the Appendix. For 
this extension see Blackorby, Primont, and 
Russell, Let the true production function be 
Iny = f(inX,,inX,,inX,) where y is out- 
put and X,,i = 1, 2,3 are inputs.’ If we im- 
pose the condition that f is translog in all 
three inputs then it must be a quadratic 
function in those inputs and take the form 


(1) iny = næg + > ailnX, 


Suppose now the true production function 
is weakly separable in X, and ¥3; i.e., 


6By inflexible we mean that once separability has 
been imposed, either the aggregator functions or the 
function of aggregates is no longer capable of provid- 
ing an arbitrary second order approximation to the 
separable technology. 

7The function is written in terms of logarithms with- 
out loss of generality since y = g(X,-...Xy) implies 


Iny =Ing(e""! ...e"*N) = f(InX,...inXy) 
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(2) dny = fin Gin X,, In X,), In X3] 


where G is an input aggregator function. 
Clearly there are only two possibilities: 

- (i) InG is quadratic in In X, and In X3. 
Then f(in G, In X;) can be only linear in In G 
and în X,. In the Appendix we show that 
this case corresponds to the constraints 
¥13 = Yaz = 0, which are Berndt and Chris- 
tensen’s linear separability constraints. 
Equation (2) takes the form 


(3) In Mo + gin G + yin H 


where ĝg, 6, are parameters, G is a translog 
function of X, and X;, and H is a translog 
function of X;. The production function is a 
Cobb-Douglas function of translog aggre- 
gates. : 

(it) InG is linear in In X, and In X}. 
Then f can only be quadratic in InG and 
InX,. In the Appendix we show that this 
case corresponds to the constraints a,/a, = 
¥13/¥23 = Yn/Ya = Yu/¥n2, Which are 
Berndt and Christensen’s non-linear separa- 
` bility constraints. Equation (2) takes the 
form 


(4) Iny = 


’ rae ys Bin Gln H 


2 176, H 


Iny = 


Inag + BoinG + Byin H 


where Inao, Bg, By, By are parameters. 
The non-linear separability restrictions im- 
ply that the aggregate input G is a Cobb- 
Douglas combination of components X, 
and X,. The production function is translog 
in the aggregates. Therefore non-linear 
translog separability implies a unitary sub- 
aggregate elasticity of substitution between 
X, and X; (i.e., along a G isoquant) as well 
aS O13 = oz (where g; is the Allen partial 
elasticity of substitution between factors i 
and j along a y isoquant). Rejection of the 
separability hypothesis may be the result of 
rejecting a subaggregate elasticity of unity 
instead of the correct null hypothesis o,; = 
oz. In order to avoid this problem we need 
to consider the translog function not as an 
exact function but rather as a quadratic 
approximation. 
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IJ. Approximation Analysis and Tests 
of Hypotheses 


In this section we describe procedures 
for using approximation analysis in the test- 
ing of hypotheses, and develop separability 
tests based on these procedures. We confine 
ourselves to a quadratic approximation., 
The extension to higher order approxima- 
tions should be readily apparent. 


DEFINITION 1: A second-order approxi- 
mation to the production function Q = 
fiz), where z = [Z,...Zy], is the Taylor- 
series quadratic ara 


(5) 6) = ser +L 


= 








1 
2 . — * 
<a LEEBE 557, 
e - ZH 
where z* = [Z?...Z] is the point of ex- 
pansion. : 


DEFINITION 2: The expansion O(Z) is 
exact for Qif Q = Q(z) for all z.8 


The following definition provides the key 
to our development of approximate hy- 
pothesis tests. 


DEFINITION 3: Two production func- 
tions Q, = f\(z) and Q, = f(z) represent 
the same underlying technology up to a sec- 
ond-order approximation if their quadratic 
expansions Q, (z), O.(z) around any com- 
mor expansion point z* are identical for all 
input vectors z. 


Since two expansions of the form (5) will 
differ only in their parameters f(z*), 
(a f/ä Z) |», (8°f/8Z,8Z,) | z, Definition 3 
has the following equivalent alternative 
interpretation: two production functions 
represent the same underlying technology 


8This definition of exactness, i.e., that a particular 
condition should hold for every value of the vector, is 
used in the Appendix to label the Berndt-Christensen 
separability restrictions as exact restrictions. 


~ 
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(approximately) if the parameters of their 
expansions are identical. 

We are now in a position to consider the 
 translog function as a quadratic approxima- 
tion. 


PROPOSITION 2: The translog function of 


the form (1) with symmetry imposed (Yy = 
Yx) is a quadratic approximation (around the 
expansion point x* = [X*... X#| = (1, ... 
i]) to an arbitrary production function of the 








forminy = flinX,,...InXqj. 
PROOF: 
Define Q[Z] = Iny; Z; = InX;; a = 
af 
Xe yo me m 
Ika = SE) 
i ae Pf 
v= §Z,4Z,| » aZe T V 
Also Z* = inl = 0. Then 


N 
ag + 2 ailn X; 


+ Ly 3 yin Xin X 
i=l 


with yy = ~y satisfies a Pi 


(6) O=Inj = 


PROPOSITION 3: The translog function of 
the form (1) with symmetry (yi; = = Y and the 
adding up conditions (J; a; = 1, Dv; = 9) 
imposed is a quadratic approximation (around 
the expansion point x* = 1} to an arbitrary 
linear homogeneous production function. 


PROOF: 

Consider the Euler equations for linear 
homogeneity of an arbitrary production 
function y = g(X,... Xy). These conditions 
are 


IThe symmetry constraints Yy = yj are imposed by 
the equality of cross-partial derivatives in a quadratic 
expansion. The exact interpretation of the translog 
function does not contain this implication. In that 
case, symmetry is usually imposed to obtain identifica- 
- tion of the parameters since only yj + Yy is identified 
initially. 


(9) 
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“oal 
7 i 
A 2 dln X; l 
ay 
and >» eaae S 
j=l din X;ðln X, 
Pe loowN 


Using the same definitions as in Proposi- 
tion 2, constraints (7) can be written 


N 
of 
8 . a o- 
(8) ae 
A Pf 
d e. 
e <4 IZZ, 9 


Therefore nae (5) subject to (8) is a 
quadratic approximation which satisfies the 
linear homogeneity requirements. Now con- 
sider the translog approximation (6): 


N 
ĝin ŷ 
iat Ôln X; | x 2 j 


and 5 ee ee pa > Yi 

jal âln X;ðln X; j y _ 
When >);a; = l and Di; yg = 0, equation (6): 
subject to (9) is identical to equation (5) 
subject to (8). Therefore Definition 3 is 
satisfied and the proposition is proved. 











x* 


Condition (9) is normally imposed in the 
estimation procedure along with the sym- 
metry conditions. Therefore linear homo- 
geneity will be a maintained hypothesis in 
the empirical portion of this paper.’° 


A. Approximate Separability Conditions 


In this section we derive our approximate 
tests for weak and strong separability. We 


!Constraints (9) are also imposed when the translog 
is assumed to be an exact representation. It is easily 
seen that they also can be used to satisfv Definition 2 


since 
3? in o iny | 
= 0 
2 dinX;din X; -2 xy 
implies 2; yy = 0 from symmetry; and, therefore, 


a! 
2a “+ yyin X, =) a; 
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TABLE [—SPECIFICATION OF SEPARABILITY RESTRICTIONS 
FOR THE FUNCTION f[in X,, ln X2,In X3} 


Hypothesis Functional Form Proposition 
Weak separability S(Gin Xi, in X>), In X3] 4 
Logarithmic partial G(in X,, in X3) + H(in X3) 5 
strong separability 
Ccmplete strong yi X? + ô, X8 + ô, X8]! 6 
separability (with 
constant elasticity 
of substitution) 
Logarithmic complete æo + æ; in Xi + œin Xz + a3inX; 7 


strong separability 


have used this division instead of the 
Berndt-Christensen linear and non-linear 
restrictions dichotomy because of its more 
fundamental! economic meaning. The two 
classifications are related, as is demon- 
strated below. 

We now return to our three-input case for 
ease of exposition. Extensions to more than 
three factors will be indicated where appro- 
priate. Propositions 4-7 below present the 
separability restrictions tested in this paper. 
Table 1 summarizes these restrictions in 
general functional notation for the case of 
X,, X, separable from X;."' 


PROPOSITION 4: The translog function (1) 
is a quadratic approximation to an arbitrary 
. weakly separable production function 


(10) lny = f[G(in X,, In X,), in X3] 
(11) ifa,/az = Y13/Ya 


The proof of Proposition 4 consists of ex- 
panding (10) as a quadratic expansion 
around x* = | and finding the restriction 
on (6) such that Definition 3 is satisfied. The 
details are provided in the Appendix. 


Comparing constraint (11) with the con- 
ditions for separability in the exact case 
(a,/az = Yn/Yz = Yn/Ya = Yi2/¥2) we 
see that (11) is identical to the first set of 
constraints. For the situation of inputs | 
and 2 separable from 3, Berndt and Christ- 
ensen (1973a) have shown that the remain- 
der of the constraints reduce to | inde- 
pendent constraint of the form Yu ° Yn = 


11 We replace in G by G for ease of notation without 
loss of generality, 


(y12)?. But this constraint is just the condi- 
tion which forces G(in X,, in X,) to be a 
Cobb-Douglas aggregate, as can be seen 
from the proof of Proposition 1. To test 
approximate weak separability we test the 
null hypothesis a; y2; — æ Y3 = 0. The hy- 
pothesis of exact weak separability is nested 
in the approximate test since it involves the 
constraint Yu © Yn — (Y¥:2)? = 0 as well as 
the constraint a, Yn — a27,3 = 0.'* There- 
fore a natural sequence of hypotheses is 
established moving from the maintained 
hypothesis which does not impose sepa- 
rability to approximate weak separability to 
exact weak separability. 

Weak separability is a necessary but not 
sufficient condition for the two-stage opti- 
mization procedure implicit in the existence 
of consistent aggregates. A sufficient con- 
dition is weak homothetic separability. 
However, when the function is assumed to 
be linear homogeneous, the conditions for 
weak separability and weak homothetic 
separability are the same.’ This result is 
stated as Proposition 4A and proved in the 
Appendix. 


PROPOSITION 4A: Weak separability of a 
linear homogeneous function is equivalent to 
weak homothetic separability of the function. 


'2More generally, consider any partition of the 
factors where X;, X; are in the partition and X% is ex- 
cluded. Approximate weak separability involves im- 
posing the constraints a; Yik — a; Yik = 0. Exact weak 
separability requires the imposition of the additional 
constraints Yy + Yg — (Yyy = 9. 

133A function is said to be weakly homothetic separ- 
abiz if it is weakly separable and the subaggregates are 
homothetic in their arguments. 
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Proposition 4A implies that the tests for 
weak separability are also tests for weak 
homothetic separability and can be viewed 
as tests of the existence of consistent aggre- 
gates within the approximation framework. 
Since strong separability is a special case of 
weak separability, this result also holds for 
the strong separability tests to be intro- 
duced in the next three propositions. 


PROPOSITION 5: The translog function is 
a quadratic approximation to an arbitrary 
logarithmic partially strong separable pro- 
duction function of the form 


(12) iny = G(in X,, in X2) + H(in X3) 
(13) if Yn = Yn = 0 


The proof of Proposition 5 is obtained in 
the same manner as that of Proposition 4; 
i.e., by expanding (12) as a quadratic ap- 
proximation around x* = | and comparing 
the result with equation (6) to obtain the 
constraints (13). The quadratic approxima- 
tion to the more general form of partial 
strong separability, 


(14) Iny = f[GUinX,,inX,) + H(In X) 


is identical to the weak separability approxi- 
mation when there are only two partitions 
and so is not pursued in this paper. When 
there are three or more partitions approxi- 
mate partial strong separability is more re- 
strictive.!* 

The strong separability constraints (13) 
are identical to the exact linear constraints. 
For this case of strong separability, the 
exact and approximate interpretations of 
the translog function yield the same testable 
hypotheses. Hence, using the results of Sec- 
tion I, separability is of the Cobb-Douglas 
or logarithmic type. However, unlike the 
two exact tests, the approximate tests do 
not yield conflicting criteria with respect to 


l4Consider the case of 4 inputs and 3 partitions. 
Weak separability of the form Iny = f[G(in X,, In X2), 
In X3, In X4) can be approximated by the translog 
function with constraints a; 723 = œ 713 and a; Ya = 
714 using the techniques of Proposition 4. Partial 
strong separability of the form ny = f[G(inX, 
In X3) + H(in X3) + J(in X4)) can be approximated by 
adding the constraints a2734 = @3‘Y¥2q4 and a, Y34 = 
a4 713. This can be proved by quadratic expansion and 
use of Definition 3. 
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weak and strong separability.’ Since y,, = 
Yo; = 0 is a sufficient but not necessary con- 
dition for approximate weak separability, 
the approximate test for strong separability 
is nested within the one for weak sepa- 
rability. This is a desirable feature since 
strong separability is more restrictive than 
weak separability. 

The next proposition which we present in 
this paper relates to the use of the translog 
function as an approximation to the CES 
function. If X, and X, are weakly separable 
from X3; and simultaneously X, and X, are 
weakly separable from X, then o3 = on and 
O12 = Ox (=0>;). The pairwise equality of 
these Allen partial elasticities of substitution 
implies op = on = Oy, or equality of all 
elasticities of substitution. Berndt and 
Christensen (1973b) have shown that equal- 
ity of all ø; implies a completely strongly 
separable function which can be written in 
the form 


(14) iny = f{G,(inX)) + Gr(in X2) 
+ G3(in X3)] 


Given our assumption of linear homoge- 
neity, Proposition 4A implies that the G; 
are homothetic. Therefore imposition of the 
constraints a,/@. = ¥3/Y23 and a,/a; = 
Yı2/ Yz yields a translog approximation to a 
homothetically strong separable function 
(14). 

If the ø; are constant, Hirofumi Uzawa 
has shown that the underlying function (14) 
is three-factor CES of the form 


(15) y = yl X? + 8X? + ô Xi” 


Since the elasticities of substitution for the 
translog function will be constant, when 
evaluated at a given point (in this case x*), 
simultaneous imposition of two approxi- 
mate weak separability constraints yields an 
approximation to the CES function.'® This 
is the substance of Proposition 6. 


!5For the exact tests, Y13 = Y23 = 0 satisfies both the 
strong and weak separability requirements but the 
additional weak separability constraint Yi; - Yn = 
(¥12)* is not required for strong separability thus caus- 
ing nonnested potential conflicts. 

l6For a k factor production function, simultaneous 
imposition of (k/2) — 1 approximate weak separabil- 
ity conditions is sufficient to obtain pairwise equality 
of all partial elasticities of substitution. 
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PROPOSITION 6: The linear homogeneous 
translog function is a quadratic approxima- 
tion to an arbitrary CES production function 
of the form (15) if: (a) the adding up con- 
straints Ja; = 1, dij; = 0 and (b) the ap- 
proximate weak separability constraints a,/ 
A, = Y13/ Yz (013 = 023) and a,/a3 = ¥2/Y23 
(S2 = 032) hold simultaneously." 


The proof of this proposition is identical 

-to those of Propositions 4 and 5. The reader 

is referred to. the authors’ working paper 
for a detailed proof. 

Berndt and Christensen (1973b) have 
shown that, given constant returns to scale, 
equation (15) is the most general form of 
complete strong separability. Therefore the 
constraints of Proposition 5 provide the 
specification for approximate complete 
strong separability. This specification is 
nested in the approximate weak separability 
specification. The technique of sequential 
testing is again available. 

It is well known that the Cobb-Douglas 
production function is a special case of the 
CES function (15) with p = 0. Our quad- 
ratic approximation has the same property 
and this fact leads to the parameter restric- 
tions of Proposition 7. 


PROPOSITION 7: The linear homogeneous 
translog function is a quadratic approxima- 
ction to an arbitrary Cobb-Douglas produc- 
tion function of the form 


(16) Iny = Ag + a,inX, T a in X> 
+ œin X3 


if, in addition to the constraints of Proposi- 
tion 6, the constraints Yi = ¥\3 = Q kold. 


The proof of this proposition is entirely 
analogous to those of the earlier proposi- 
tions. For details see the authors’ working 
paper. Note that the hypothesis of Cobb- 
Douglas specification is nested in the CES 
specification (in terms of our approximate 
tests). Thus a sequential testing procedure is 
available in this case as well. 


17Note that these constraints imply the third weak 
separability constraint a2/@3 = ¥}2/7)3. 


HI. Empirical Results 
In order to implement the above hy- 


` pothesis testing procedure, we have esti- 


mated translog production and cost struc- 
tures'® for U.S. Manufacturing 1929-68. 
We use the Berndt-Christensen data, which 
consist of observations for blue collar work- 
ers (B), white collar workers (W), and cap- 
ital (K) in one case (1974); and on equip- 
ment (E), structures ($), and labor (L) in 
the other case (1973a). The reader is re- 
ferred to the cited papers for details as to 
the construction of these data. 


A. Estimation of the Model 
under the Maintained Hypothesis 


Berndt and Christensen (1973a) have 
shown that the linear homogeneous produc- 
tion structure can be obtained by estimating 
the system of demand equations 


3 
(17) S= œ+ Do yynX, t= 1,2,3 
j=l 


subject to Va; = 1, Yy = Yu. Lv = 9, 
where S; is the cost share of the ith factor. 
Similarly it can be shown (see Berndt and 
Wood) that a linear homogeneous cost 
structure can be estimated from the system 
of demand functions 


3 
j=l 


subject to Dia, = l, vy = Yj Ly = 0 
where S; is the cost share as before and p; is 
the price of the jth factor. 

Table 2 presents our parameter estimates 
anda comparison with the Berndt-Christen- 
sen results for the production structures. 
(They did not estimate the cost structures.) 
There are two differences between their esti- 
mation procedure and ours. First, we do 
not employ instrumental variables for the 
X;, thus ignoring possible simultaneity bias. 
Second, we employ two-stage Zellner effi- 

i8The translog cost function with linear homo- 
geneity imposed can be written InC = ag + 2; a; ° 
inp; + 1/2 2; 2; yylnp;inp;. All of the separability 
results of the previous section hold for the cost func- 
tion with X; replaced by p;. 
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TABLE 2—PARAMETER ESTIMATES FOR NONSEPARABLE TRANSLOG FUNCTIONS 
(MAINTAINED HYPOTHESIS)? f 


Two Types of Capital-One Type 


Two Types of Labor-One Type of 


Production Production Production Production 
This Study Berndt-Christensen This Study Berndt-Christensen 
Parameter (1) (2) (3) (4) 
ay 0.0979 0.0990 0.6260 0.6274 
(0.0026) (0.0027) (0.0033) (0.0042) 
a 0.0742 0.0734 0.2159 0.2130 
(0.0023) (0.0023) (0.0034) (0.0039) 
a4 0.8279 0.8276 0.1581 0.1595 
(0.0033) (0.0034) (0.0033) (0.0037) 
Yı 0.0280 0.0335 0.1793 0.1833 
(0.0096) (0.0102) (0.0095) (0.0129) 
22 0.0355 0.0318 0.0958 0.1107 
(0.0064) (0.0065) (0.0127) (0.0145) 
133 0.0324 0.0399 +0.0028 0.0014 
(0.0146) (0.0155) (0.0123) (0.0137) 
Yi? ~-0.0155 —0.0127 —0.1389 —0,1463 
(0.0053) (0.0055) (0.0076) (0.0092) 
713 -0.0125 — 0.0208 —0.0404 —0,0370 
(0.0106) (0.0113) (0.0080) (0.0097) 
¥23 ~0.0200 —0,0191 0.0431 0.0357 
(0.0077) (0.0079) (0.0108) (0.0123) 


of Labor: X, equipment, 


X = structures, X3 = labor 


Capital: X, = blue collar, 
Xa = white collar, X3 = capital 


4Standard errors are in parentheses. 


cient estimation, choosing not to iterate on 
our initial solution. A comparison of col- 
umns (1, 2) and (3, 4) in Table 2 indicates 
that the different estimation procedures re- 
sult in roughly identical structures. There- 
fore the interested reader may compare our 
approximate tests with the Berndt-Christen- 
sen exact tests. 


B. Tests of the Separability Hypotheses 


Tables 4-5 present the results of applying 
our sequential tests for separability for both 
the production and cost structures to the 
two capital-one labor and two labor-one 
capital cases, respectively. Two aspects of 
the theory of sequential testing are em- 
ployed. First, the sequence ends when the 
first null hypothesis which can be rejected is 
encountered. Second, the appropriate sig- 
nificance level of the test depends on the 
significance levels of the prior hypotheses in 
the sequence which could not be rejected. 
Suppose Hj is the ith null hypothesis in a 


particular sequence with significance lével 6, 


conditional on sequential nonrejection of 


the prior hypotheses. Then the appropriate 
significance level for testing H5 is’? 


i i 
1-[T[a-6)~d à; 
jel j=l 

For the purposes of this paper we have 
chosen 6, = 0.01, 6, = 0.015, ô, = 0.025. We 
use the approximate F-statistic for our tests. 
Appropriate significance levels, degrees of 
freedom, and critical values for the various 
tests in the sequence are contained in 
Table 3. 

We first consider the two common sepa- 
rability assumptions: (E, S), L and (B, W), 
K. Using the significance levels sequence: 
1 percent, 2.5 percent, 5 percent, we cannot 
reject the hypothesis of weak separability of 
equipment and structures from aggregate 
labor, either on the production or cost side. 


\9For an accessible explanation of sequential nested 
hypothesis testing see Edmund Malinvaud, pp. 218-20. 
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TABLE 3—SIGNIFICANCE- LEVELS AND 
CRITICAL VALUES USED FoR SEQUENTIAL TESTING 


Signifi- Degrees  Criti- 
cance ofFree- cal 

Test Level dom Values 

Weak Separability (I) „OIl (1,75) 7.02 

Logarithmic partial .025 (1,76) 5.25 
strong separability (Ha) 

Complete strong .025 (1,76) 325 

separability (IIb) 
Logarithmic complete 05 (1,77) 3.98 


strong separability (IH) 


We reject logarithmic partial strong sepa- 
rability.°? Complete strong separability is 
rejected on the production side but not on 
the cost side. There is strong evidence for 
the existence of a CES cost function. Since 
the CES function is self-dual,?! the resultant 
production and cost structures are po- 
tentially conflicting descriptions of tech- 
‘nology. This issue is pursued below. 

We reject the hypothesis that the two 
types of labor are separable from aggregate 
capital both on the production side and the 
cost side. On the basis of these results it 
would appear that neither the existence of 
labor aggregation nor the existence of an 
aggregate price index for labor can be sup- 
ported. 

We now turn to the overall evidence of 
separability, regardless of whether the type 
of separability is conventional. For the E, 
S, L case the evidence throughout the rest 
of Table 4 ts consistent with the three-factor 
CES production and cost functions specifi- 


20This is the form of separability that was not re- 
jected by Berndt and Christensen (1973a). We also 
would not reject it using a simultaneous testing pro- 
cedure at a 1 percent significance level rather than a 
sequential one, since our test statistic would have been 
3.45. However, as we demonstrate below, once the cost 
structure is included in the analysis, nonlogarithmic 
separability is probably more consistent with the 
underlying data. 

21Care must be taken in interpreting this duality. 
The translog approximation to a CES production 
(cost) function is not itself self-dual (except at the point 
of approximation). Self-duality is a consequence of not 
rejecting CES functions on both the production and 
cost sides, and as a result imposing these structures. 
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cation.” There are twelve null hypotheses 
related to the CES structure (I and IIb for 
each of the six rows in the Table). Rejection 
of any one of these is logically a rejection of 
the possibility of the existence of an overall 
CES structure. Only one of the twelve was 
rejected at the significance levels chosen, al- 
though several of the weak separability tests 
result in marginal nonrejection. There ap- 
pears to be some overall evidence that im- 
position of a CES structure is roughly con- 
sistent with the underlying data. For many 
applications the simplicity thus obtained 


_ probably outweighs the bias introduced. 


For the B, W, K case, the results are more 
mixed. All forms of weak separability on 
the production side are decisively rejected. 
There appears to be evidence of partial 
strong logarithmic separability on the cost 
side of the form B, (W, K). This suggests 
there exists an aggregate price index for 
white collar workers and capital which is 
compatible with the data.” 

We now turn to a consideration of the 
structure of technology as estimated by our 
nonrejected functional forms. Final param- 
eter estimates are contained in Table 6. 
Partial elasticities of substitution for se- 
lected years are presented in Table 7.4% We 
concentrate on an analysis of the substitu- 
tion elasticities since the parameters by 
themselves are difficult to interpret for flex- 
ible functional forms such as the translog. 

For the E, S, L case we will consider the 
completely strong separable structure. This 
implies that we are approximating constant 
elasticity of substitution functions with con- 


22At significance levels much greater than that used 
in this paper, there is evidence that the CES produc- 
tion structure would be rejected within all three 
sequences, but not the cost structure. The strong 
evidence on the cost side suggests that :f we wish to 
assume that both the cost and production functions 
represent the same underlying technology we should 
not reject complete strong separability on the produc- 
tion side. 

23This case appears to be one where the Hicks aggre- 
gation theorem is applicable. The quantity indices for 
white collar workers and capital are highly correlated 
with pwr = .92, whereas pay = .77, and ogg = .65. 

*4The final parameter estimates for the BWK pro- 
duction case can be found in Table 4 since all separa- 
bility restrictions were rejected. 
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TABLE 4—-SEPARABILITY TEST STATISTICS: EQUIPMENT (Æ), STRUCTURES (S), LABOR (L) 


Sequences of Hypotheses? 











—, 


a 
. IH 
Conditional Conditional 
Partition Structure I Ha Hb on Ha on Hb 
(E, S), L Production 1.22 5.60 5.99 33.34 
Cost 1.37 5.65 0.01 7.18 
S, (E, L) Production 4.95 28.94 2:21 33.34 
Cost 0.01 0.52 1.37 8.73 7.78 
E, (S, L) Production 6.11 2.46 ilI 31.39 33.34 
Cost 0.02 8.10 1.36 7.78 
"Refer to Table 3 for a description of these hypotheses. 
“ TABLE 5—SEPARABILITY TEST STATISTICS: BLUE COLLAR (8), WHITE COLLAR (W), CAPITAL (K) 
Sequences of Hypotheses’ 
III 
ae Conditiona! Conditional 
Partition Structure I Ila IIb on Ila on Hb 
a ee ee ae a a 
(B, W),K Production 17.70 
Cost 9.01 
B,(W, K) Production 19.51 
Cost 3.08 3.38 31.78 28.42 
(8, K), W Production 39.34 
n Cost 12.13 
“Refer to Table 3 for a description of these hypotheses. 
TABLE 6—PARAMETER ESTIMATES FOR SEPARABLE TRANSLOG FUNCTIONS? 
(1) . (2) {3) 
Two Types of Labor — One Type of Capital: Two Types of Capital — One Type of Labor: 
X, = Blue Collar; X, = White Collar; X} = Capital ¥, = Equipment; X, = Structures; Y3 = Labor 
Cost Production Cost 
Parameter Logarithmic Partial Strong Separability CES CES 
0.5914 0.1001 0.0858 
. | (0.0066) (0.0023) (0.0035) 
0.2437 0.0762 0.0766 
a2 (0.0047) (0.0021) (0.0029) 
0.1650 0.8238 0.8376 
%3 (0.0028) (0.0029) (0.0035) 
0.0373 0.0198 
Yi 0.0000 (0.0063) (0.0068) 
0.0408 0.0291 0.0178 
Y22 (0.0060) (0.0047) (0.0069) 
0.0408 0.0601 0.0343 
V33 (0.0060) (0.0099) (0.0125) 
~0.0032 —0.0017 
12 0.0000 (0.0005) (0.0006) 
~—0,0341 —0.0181 
13 0.0000 (0.0058) (0.0062) 
~~ —0.0408 —0.0260 ~0.0162 
Y23 (0.0060) (0.0042) (0.0063) 
f 3Standard errors are in parentheses. 
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TABLE 7--ALLEN PARTIAL ELASTICITIES OF SUBSTITUTION-SELECTED YEARS 
(corresponding to final technology structures) 


Separability 
Structure 1929 
ESL 
Production 
OFS 1.836 
Cr IIb 1.919 
OSE l & l 6 
Cost 
CES 0.777 
FEL ilb 0.768 
OSL 0.752 
BWK 
Production 
o pw 5.251 
ORK No separability 3.018 
O wK = 2.646 
Cost 
i Caw 1.000 
OBK Ila l .000 
OwK —0.003 


stancy imposed at the point of expansion. 
All quantities and prices were normalized 
so that the point of expansion x* = (1, 1, 1) 
occurred in the year 1949. From Table 7 it 
can be seen that the partial elasticities of 
substitution among inputs are indeed equal 
in 1949 at 1.706 for the production structure 
and 0.748 for the cost structure. The smail 
variation, both across factors and across 
time, indicates that once complete strong 
separability is imposed, the second-order 
approximation does in fact closely resemble 
a CES function for this data set. If the cost 
and production functions are to be self- 
“dual, the elasticities of substitution ob- 
tained from these functions should be the 
same. The point estimates are quite dif- 
ferent, but they are likely to be inaccurately 
estimated. These elasticities are complex 
functions of the parameter estimates but a 
rough check can be made using confidence 
intervals based on linearized approximate 
standard deviations calculated at the point 
of expansion. A .01 approximate confidence 
interval for ø; is (2.19, 1.32) and (.94, .56) 
for the production and cost functions, re- 
spectively. The actual distributions of the 
estimated elasticities will not be the same as 
these (assumed) normally distributed lin- 
earized approximations. Therefore, it is 
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1939 1949 1959 1968 
1.829 1.706 1.873 1.919 
1.915 1.706 1.694 1.649 
1.614 1.706 1.857 1.962 
0.769 0.748 0.780 0.768 
0.774 0.748 0.768 0.764 
0.737 0.748 0.754 0.748 
5.633 6.990 4,896 4.763 
3.160 3.696 2.900 2.859 
— 3.216 — 5.186 — 2.103 ~ 1.882 
1.000 1.000 1.000 1.000 
1.000 1.000 1.000 1.000 
0.001 — 0.014 -0.002 —0.017 


difficult to draw conclusions. However, the 
fact that these intervals do not overlap im- 
plies that the estimated cost and production 
structures may be approximating different 
CES structures which are not self-dual. | 
For the B, W, K case, we rejected all 
forms of separability on the production 
side. The elasticities calculated from the 
production structure exhibit considerable 
variation both among factors and across 
time. White collar workers and aggregate 
capital are estimated to be complementary 
‘factors of production. On the cost side we 
stopped our sequential testing with the non- 
rejection of partial logarithmic strong sepa- 
rability of the form f (B, W, K) = In G(B) + 
In H(W,K). Imposing this structure requires 
gw = Ogg = l. This result also appears in 
Table 7. From the cost structure we esti- 
mate that W and K are very weak comple- 
ments. A comparison of substitution elastic- 
ities as derived from the cost and production 
structures demonstrates that the direct and 
dual formulations are competing descrip- 
tions of technology. The sharply different 
estimates of the elasticities of substitution 
arise because we cannot reject partial strong 
logarithmic separability for the cost case. 
The elasticities for the BWK cost case with 
no separability imposed are similar to those 


t 


Ț 
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TABLE 8-—-£,S, L PRODUCTION STRUCTURE: E SEPARABLE FROM S AND L 


Complete 
Maintained Weak Logarithmic partial strong 
hypothesis separability strong separability separability 
Conditional i 
F-statistic — 6.110 2.460 1.100 
ogg? 7.250 1.499 1.000 1.706 
Or,” 1.089 1.499 1.000 1.706 
as," 1.623 1.955 1.984 1.706 


4Flasticities are calculated at the point of expansion (year 1949). 


for the production case with no separability 
imposed. For BWK cost they are ogy = 
2.06, Oger = 1.50, and Opg = —0.91, which 
can be compared with those given in Table 
7 for BWK production. 

Finally, we illustrate the sensitivity of the 
partial elasticities of substitution to the im- 
position of successive structures when some 
of the reject-nonreject decisions are mar- 
ginal. For the ESL production function 
case we present in Table 8 partial elasticities 
of substitution corresponding to the imposi- 
tion of the successive hypotheses. 

~ The imposition of E, (SZ) weak separa- 
bility forces the equality of cgs and egz. 
These elasticities are quite different from 
those of the maintained hypothesis. When 
we impose logarithmic partial strong sepa- 
rability, these elasticities are lowered to one 
and gs, is forced up further. The approxi- 
mate CES constraints are readily accepted 
once weak separability is maintained since 
the elasticities are relatively close. The very 
large substitution elasticity between equip- 
ment and structures is eliminated when 
a, = 1.706. These results illustrate the diffi- 
culties inherent in attempting to obtain pre- 
cise estimates of elasticities of substitution. 


IV. Conclusions 


Like Berndt-Christensen, we find little 
evidence to support labor separability. The 
sole exception is the possibility of forming 
an aggregate price index of capital and 
white collar workers. But this possibility is 
probably a property of the particular data 
used rather than of the underlying tech- 

~~ nology. Also like Berndt and Christensen 
we find support for capital aggregation— 


both in terms of quantity and price in- 
dices—once labor aggregation is assumed a 
priori. However, our approximate testing 
procedure allows us to investigate the 
nature of the separability in more detail. 
Somewhat surprisingly, we found that the 
specification of complete strong separability 
in the form of three-factor CES cost and 
production functions is roughly consistent 
with the underlying data although formally 
rejected in one of the sequential tests.” This 
is an interesting result since the CES speci- 
fication is gradually replacing the Cobb- 
Douglas specification in many areas of con- 
ceptual application of production function - 
theory. Of course, there is an inconsistency, 
in assuming labor aggregation on the, one 
hand to test for capital aggregation, and re- 
jecting it on the other. Our primary pur- 
pose in this paper is to investigate the 
nature of the approximate tests for separa- 
bility. An obvious avenue for further re- 
search is to use the apparatus developed in 
this paper to test for homothetic separa- 
bility within the context of simultaneously 
disaggregated labor and capital inputs. 


APPENDIX 


PROOF of Proposition 1: 

Berndt and Christensen (1973a) have 
shown that the Leontief conditions for 
weak separability of the translog function 
are 


25Within the family of exact tests, the CES structure 
is not a testable hypothesis if one uses the translog 
function as the maintained hypothesis. Thus, Berndt 
and Christensen could not have ended up with this 
specification. 
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Yim Yik ) 


Inx,, = 9 


where i, j index factors in the separable 
group to be aggregated and k indexes factors 
excluded from the separable group. A suffi- 
cient condition for this equation to hold is 
that Yx = Yu = 0. These are Berndt and 
Christensen’s linear separability constraints. 
For Yk, Ya = 0 necessary and sufficient 
conditions for the above equation to hold 
for every input vector x = (X,,...Xy), that 
is, exactly, are a;¥;, — O;Y¥x = 0 and 
Yin V jk 7 Vim Vik = 0,m= l; ... N. This sec- 
ond set of conditions is Berndt and Chris- 
tensen’s non-linear separability restrictions 
and can be rewritten as a,/a; = Yu/Y¥p = 
Vial Yim M = 1,...N. 

Now consider the 3-input case used in the 
text. The separability restrictions are Y = 
Yz = 0 (linear restrictions) and a,/a, = 
Vi3/ Yn = Yu/ Ya = V¥12/ 22 = 9 (non-linear 
restrictions). 

Substituting the linear separability condi- 
tions into the three-factor version of the 
translog production function (1), we obtain 


QV — a Yik + p> (Yim Yik — 


Iny = Inato + læa nX, + a,lnx,| + a;lnxX, 


5 p > valnXilnX, + ¥33(inX3)? 


tee 


ij= 1,2 


= Inas + bc p B:lnX; + TÈ 2 


BylnXdnX) + 64[8,InX; + B33(nX3)*] 


iJ S152 
where Q; = GG ° Bi, Qk = 0y ` Êk, Yj = Oci 
Ykk = OnB È ij = 1, 2: k = 3 and G6, Oy are 
arbitrary constants. 

Define in G = > B,Inx; T 1/2 > Dj By 
InX ,InX, ,i,j = 1,2, a translog aggregate in- 
put (up to an arbitrary scaling factor Bog). 
Also define H = B31nX, F B33(inX;)?, a 
translog ‘aggregate (also up to an arbitrary 
scaling factor fop). Then Iny = Inag + 6, 
InG + ylin H. 

Now we consider the non-linear separa- 
bility restrictions. Substituting these restric- 
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tions into equation (1) and utilizing the 
symmetry conditions y; = Y; we obtain 


5 Inks + 03InX, 


lny = lnag + an, + 


+ $ ynlnXy)? + (11 /8)lnXnX, 


J L yn(inX,)? + ya lnX, nX, 


+ (Y3/0lnX,inX; + i ya (nX)? 


= Inao t a| mX, + 1 mx: + a,inx, 


6 


2 
+ A Yu nx, i 5 in| 


-+ Y 13 nx, + 1 nx, Inx, 


0 


+ ; ¥33(InX3)? 


since 71/6)? = Yul¥2/%12)° z Yi2/Y22° 
Yaya = Yn. 

Defining nG = 0,InX, + 6,lnX, and 
In H = 63,lInX, (Cobb-Douglas aggregates) 
we can write the separable production func- 
tion as 


Iny = inag + Poe + ByinH 


re 5 Dud, Byln Gin H 


ij=G,H 
(a translog function) 


where f = 01/02, 8g = 01/01, By = @3/03, 
Beg = 11/6, Bor = 713/893, Bun = 
33/03 


PROOF of Proposition 4: 
The quadratic approximation to (9) ex- 
panded around x* = 1 is 


3 
0, = Bo + 2 ß:ln X; 


— 


HLD D ayn, 


fel j=l 


Bo = f(x*); 


where 
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2G 
; 6G din X; 


_ _of 
= ain X, 


p f. Pe 
# | 3G anX,ainX, 


aG \/ aG as] S 
A) (26) aG? ae a 
of: 
fa = ain X2)» 


Bix = Bai 


i= 1,2 


x? 





x? 








_ 9G | af 
dln X; aGdinx, 


It can be seen that the above parameters 
satisfy the constraint 


_| aG /aG 
Bi/B2 = SHEL? 5 


The translog function (6) subject to the 
constraint a, [a = Yi3/Y2 is identical to 
Ô.. Since QO, is a second-order approxima- 
tion in the case of weak separability of 


i= 1,2 





x“ 





= By3/Bo; 





“inputs | and 2 from 3; application of Defini- 


„~ Thus 


/ 


\ 


tion 3 suffices to establish Proposition 4. 


PROOF of Proposition 4A: 
Assuming linear homogeneity of f we can 
apply Euler’s theorem to (10) to obtain 





sey aG . a 
IG 44 aInX, nX, 


ad 
— 








Hence, 


> 35 ( af Ee af 

j=] dln X; dink, aG 
Note that the left-hand side is a function of 
In X, and In X, only, while the right-hand 
side is a function of G and ln X,. Since the 
right-hand side is independent of In X, if it 
is equal (identically) to the left-hand side, it 
has to be a function of G alone. 


aG 
aj ðln X; 


_y aG 
1 ay, Xt = AG) 
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This is a necessary and sufficient condition 
that G be homothetic with regard to X, 
and X>. 
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The Short-Run Dynamics of Prices and the 
Balance of Payments 


By Mario I. BLEJER* 


The purpose of this study is to analyze 
theoretically and empirically the short-run 
behavior of prices and the balance of pay- 
ments in a small open economy with a fixed 
exchange rate. Following the presentation 
of the theoretical framework, the experience 


`- of Mexico during 1950-73 is analyzed. 


The model is based on what is known as 
the monetary approach to the balance of 
payments. This approach, as is frequently 
presented,' deals with long-run equilibrium 
situations when all relative prices are fixed. 
This long-run equilibrium view was applied 
to test empirically the theory for several 
countries,’ using the assumption that there 
are no serious barriers to the international 
movement of capital and that all goods are 
traded. These assumptions imply that 


..goods and capital markets are perfectly ar- 


™ 


f 


bitraged and, therefore, that price levels and 
interest rates in all the countries always 
move together. 


*The Hebrew University of Jerusalem and Boston 
University. This paper is based on my Ph.D. disserta- 
tion. I wish to acknowledge my gratitude to R. Dorn- 
busch, J.A. Frenkel, A.C. Harberger, H.G. Johnson, 
and L.A. Sjaastad for their guidance and helpful sug- 
gestions. I am also indebted to A.C. Porzecanski, to 
the managing editor of this Review, and to an 
anonymous referee for their valuable comments. The 
responsibility for remaining errors is solely mine, 

iThe classical references are the article by Harry 
Johnson and the works of Robert Mundell, For a gen- 
eral discussion of this approach see the volume by 
Jacob Frenkel and Johnson. 

2A survey of the empirical evidence on the monetary 
approach to the balance of payments is presented by 
Stephen Magee. The second part of the Frenkel and 
Johnson book collects several empirical papers on the 
topic. 

3An alternative assumption used in this context is 
that if some goods are intrinsically nontraded, by 
allowing a sufficiently long period of time the factors 
used in their production will be reallocated such that 
their earnings will continue to be comparable with 


n those of the factors working in the traded-goods sec- 


tor. This is how price movements in both sectors are 


, linked together. 
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However, as was pointed out by Alexan- 
der Swoboda, if a country has a low degree 
of capital mobility and a very large propor- 
tion of nontraded to traded goods, its speed 
of adjustment to monetary disturbances will 
be reduced, and even though the long-run 
convergence of inflation and interest rates 
will not be prevented,’ the length of the 
disequilibrium period will be increased con- 
siderably. In order to analyze the experi- 
ence of countries with those characteristics, 
a framework that allows for short-rur: inter- 
country variations in inflation rates is 
required. 

In Section I a model with these properties 
is developed. This is done by using the dis- 
tinction between traded and nontraded 
goods. The relative price of the two kinds of 
goods can be affected by domestic monetary 
policy, because the price of traded goods is 
exogenously determined for each country 
while the price of nontraded goods is sub- 
ject to changes as a consequence of domes- 
tic policies. 

As an application of the monetary ap- 
proach to the balance of payments, the 
emphasis is on the interaction between the 
supply and the demand for money in ex- 
plaining a country’s balance of payments. 
The basic difference from the long-run 
formulation is that in this model monetary 
disequilibria affect not only the balance of 
payments but also, in the short run, the 
internal level of prices. 


I. The Model 


The two endogenous variables to be ex- 
plained are the rate of domestic inflation, 
and the changes in the balance of payments 
as reflected in the balance of the money 


4Long-run interest rate differentials will still be 
present if there exists imperfect substitution between 
foreign and domestic credit. 
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account (compensatory movement of re- 
serves). Both variables are a function of 
what we call the ex ante excess flow supply 
of money. We assume full employment and, 
further, that monetary disturbances do not 
affect the level or the rate of growth of real 
income.’ 

The model is composed of the equilib- 
rium conditions in the markets for money 
and for both types of goods, traded and 
nontraded. The formal analysis is presented 
in terms of discrete percentage changes of 
the variables over time. The letter D stands 
for the first-difference operator and the 
symbol * for the variables’ percentage rate 
of change.® 

The equations of the money sector are 
the following: 


GQ) m= f(y, À) 
(2) M7 = P* + mi 

* 9x , De, Dr 
GC) Mee aes 


where m, the real demand for money is a 
function of real income y, and of the alter- 
native cost of holding money /. The latter is 
the real interest rate plus the expected de- 
preciation imposed by changes in the price 
level. M7is the percentage rate of change of 
the demand for nominal cash balances and 
M, is the nominal money supply; a is the 
money multiplier: c is the domestic credit 
outstanding, r the level of foreign-exchange 
reserves; and H is the monetary base 
(H =r + c)’ P* is the domestic rate of 
inflation, assumed to be a geometrically 
weighted average of the rate of change in 
the price of both goods: 


ŠA model for an open economy in which real output 
fluctuates in the short run responding to monetary im- 
balance is presented by the author and Roque Fernan- 
dez. 

6For any variable x, Dx = (x, ~ X1); x* = Dx/ 
X,.,; and Dx* = x? — xf i. 

7Equation (3) is derived as follows: since the mone- 
tary base H is identically equal to the domestic credit 
outstanding c and the foreign-exchange reserves of the 
central bank z, we have; H =c+r, and in rate-of- 
change: H* = DH/H = &(De/c) + (1 — £) Dr/r, where 
&=c/H. Because M,=aH, we obtain: M, = a% 
H* = a* + De/H + Dr/H. 
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(4) P* = BP} + (1 > B)Pir 


where Py is the price of traded goods,’ 
Pyr is the price of nontraded goods, and 8 
is the share of traded goods in total expen- 
diture. 

One of the postulates of the monetary 
approach to the balance of payments is that 
in a small open economy with a fixed ex- 
change rate, the nominal money supply is 
beyond the control of the monetary author- 
ity. All that it can do is to determine the 
ex ante quantity of money by changing the 
domestic component of the base or manipu- 
late variables under its control in order to 
change the value of the money multiplier. 
These actions, in conjunction with the flow 
demand for money that is generated by ad- 
justments in the desired stock as a conse- 
quence of changes in real variables and 
expectations, create the ex ante excess flow 


. supply of money to which the public reacts. 


It does so by changing the foreign compo- 
nent of the monetary base (through the 
balance of payments) and, in this short-run 
model, the rate of domestic inflation. The: 
public, therefore, determines the ex post 
nominal quantity of money. 

By subtracting the flow demand for 
nominal balances from the supply variables 
under the control of the monetary authority 
(a and c), we obtain g, a measure of the 
gap (in percentage terms) between the 
ex ante change in the money supply and 
changes in demand: 


(5) g= De/H + a* — (P* + mj) 


With regard to the goods’ market, since 
an excess supply of money implies an excess 
demand for goods (both traded and non- 
traded), relative prices are sensitive to 
shocks from the monetary sector. This is so 
because an excess demand for nontraded 
goods results in an increase in their price, 
while, in the small open economy we are 
considering, the price of traded goods is 
unaffected by changes in domestic demand. 


8Traded goods include exportables and importables 
whose prices are determined in world markets and thus. 
exogenously for a small country. We assume therefore 
that the terms of trade are given. 
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~ If we further assume that an excess demand 


for nontraded goods varies monotonically 
with an excess demand throughout the 
economy, we can postulate a functional 
relationship of the following form between 
the relative prices and g, the ex ante mone- 


tary gap: 
(6) Pyr/ Pr = ners 
where n is a constant and A stands for the 


elasticity of relative prices to monetary im- 
balance; A takes values between 0 and œ 


. and is mainly a function of the elasticities of 
substitution between traded and nontraded 


= (7) 


goods in production and in consumption as 
well as on the income elasticity of non- 
traded goods. 

Equation (6) implies that for each level 
of the gap between the ex ante rate of 
money creation and the changes in the de- 
mand for money there exists a unique rela- 
tive price of nontraded in terms of traded 
goods.’ Differentiating equation (6) loga- 
rithmically we obtain: 


Pr — Pp = (Dg) 


which implies that in a small open economy 
the rate of domestic inflation relative to the 
world rate is determined in the short run by 
the domestic excess flow supply of money. 
Although it is possible to postulate a 
mechanism of lagged adjustments in the 
money market, we assume here for sim- 
plicity the existence of permanent ex post 
stock equilibrium, i.e., that in any period, 
the nominal quantity of money is equalized, 
ex post, with the desired quantity of nomi- 


9A formal derivation of an equation like (6) requires 
the specification of a utility function and a budget con- 
straint, in addition to the supply conditions, Utility 
maximization gives us a set of demand equations that, 
in conjunction with the supply conditions, determine a 
complete model. However, in this framework and in 
order to discuss the dynamic properties of the model, 
some simplifying assumptions about the adjustment 
process are necessary. In the literature it is common to 
consider the Marshallian adjustment, where output ad- 
justs to excess demand, or alternatively, the Walrasian 
adjustment where prices adjust to excess demand. 
Here, we postulate an adjustment process similar to 


~ the Walrasian adjustment but, instead of excess de- 


mand in the goods’ market, we use excess supply in 
‘ the money market. 


BLEJER: BALANCE OF PAYMENTS 


421 


nal balances (M, = M,). This assumption 
requires the following flow equilibrium: 


(8) 
M* = Dc/H + Dr/H + a* = P* + mj 


The system formed by (7) and (8) in con- 
junction with definitions (4) and (5) can be 
solved for the rate of domestic inflation 
and for the balance of payments (as re- 
flected in the rate of change of international 
reserves). Both endogenous variables are 
expressed as functions of the world rate of 
inflation (assumed to be equal to the rate of 
change in the price of traded goods), the 
rate of change of the ex ante excess flow 
supply of money, and the past period’s rate 
of inflation (reflecting lagged values of the 
former exogenous variables): 


a ce T 
OF Ee eae 
+ R= (oe + at — ma) | 
i+ AC — 8) H ' 
i. A(1 — £) P*, 
bee NEL — 8) 
DÀ l 
10 el eee ees 
(10) (BA) -iy (Pp), 


ACL ~ b) 
1+AQ — 8) 

AC — £) 
1+A(1 — 8) 
Equations (9) and (10) indicate that the 
distribution of the impact of monetary dis- 
equilibrium between the balance of pay- 


ments and the domestic rate of inflation 
depends in the short run on the values of A 


(es + a* - mi) ) 
H ' 


* 
PEA 


10One of the criticisms of the monetary approach to 
the balance of payments is that its central formulations 
are based on transformations of an identity (the bal- 
ance sheet of the central bank), and thus it has no 
empirical content. Nevertheless, it is clear from equa- 
tion (8) that the identity refers only to the composition 
of the money supply, while the behavior of the balance 
of payments is derived from a set of postulates about 
functional forms in the monetary sector and an as- 
sumption about how the money market clears. 
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and @. If A = 0, implying that relative 
prices are not affected by an excess supply 
of money, or if 8 = 1, which means that all 
goods are traded, we observe from (9) and 
(10) that: 


(iy > Pre B 
(12) Dr/H = P=? + mf — Dc/H —- a* 


which is the conventional long-run model 
which assumes that the rate of domestic 
inflation is pegged to the world rate and 
that monetary disturbances affect only the 
balance of payments. 

If, on the contrary, we set A = œ, the 
other extreme case is obtained: all the im- 
pact of monetary disequilibrium is on the 
domestic level of prices and the balance of 
payments is not directly affected. 

-The short-run effects of monetary dis- 
equilibrium will fall more heavily on the 
domestic price level and less on the balance 
of payments the higher is A and the lower 
is the share of traded goods, 8. The oppo- 
site holds for the effect of world inflation 
on the domestic rate of price increase. A 
policy implication of this observation is that 
governments can reduce the short-run im- 
pact on the balance of payments of a given 
monetary policy by imposing heavy restric- 
tions to international transactions of goods 
and securities: prohibitive tariffs or quan- 
titative restrictions will turn traded into 
nontraded goods, lowering the value of 8 
and reducing the impact of a monetary dis- 


tf 


equilibrium on the balance of payments’ 


during the transition period. But these 
measures can only delay the full impact of 
the monetary changes on the balance of 
payments until the adjustment process is 
completed, and that will only be accom- 
plished at the cost of a higher rate of 
domestic inflation during this adjustment 
period. 

We turn now to the characteristics of 
equilibrium in this model. Equations (9) 
and (10) indicate that, if the world rate of 
inflation is unchanged, in order to maintain 
balance-of-payments equilibrium the mone- 
tary authority must keep the ex ante excess 
flow supply of money constant (i.e., 
D(Dc/H + a¥ — mž) = 0), increasing the 


+ 
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domestic credit component of the mone- 
tary base permanently at a rate that exceeds 
the increase in the demand for money due 
to real factors (income growth, for example) 
by exactly the world rate of inflation. As- 
suming no changes in the money multiplier, 
the maintenance of equilibrium requires: 


(13) v= (Pe - m3) = P} 


where y stands for the rate of ex ante excess 
flow supply of money. Since the coefficients 
of (Pž) and PĚ | in equations (9) and (10) 
add up to unity we have: 


(14) P* = PF and Dr/H = 0 


When no changes take place in the real 
sector to affect m*¥ and the rate of world 
inflation remains constant, an increase in 
the rate of domestic-credit creation raises 
the rate of the ex ante excess supply of 
money from Yo to Yı, and generates a pro- 
cess of adjustment like the one depicted in 
Figure 1. The acceleration in the rate of 
domestic-credit expansion implies a posi- 
tive value for D(Dc/H — m#) which raises 
the rate of change of nontraded goods’ 
prices and, therefore, the domestic rate of 
inflation above the world rate. If the rate of 
domestic-credit creation is kept at this new 
level, the domestic rate of inflation will 
decelerate and converge to the world rate. 

Since we do not allow here for stock dis- 
equilibrium, the ex ante excess flow supply 
of money is eliminated each period by a 
combination of price rises and reserves 
depletion. When the domestic rate of infla- 
tion converges to the world rate, the whole 
increase in the rate of domestic-credit crea- 
tion that generated the disequilibrium is 
eliminated through the balance of pay- 
ments. !! 


II. Empirical Implications: The Case of Mexico 
(1950-73) 


The model presented in Section I is tested 
here using annual data for Mexico for the 


1! During the period of adjustment Pyr can exceed, 
at some point, the value of y; depending on whether” 
AB > lor AB <1. However, P* will always be lower 
than y; if À is finite due to reserve depletion. | 


aoe 
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FIGURE |. THE EFFECTS OF AN ACCELERATION IN THE RATE OF EXPANSION OF 
THE DoOMESTIC-CREDIT COMPONENT OF THE MONETARY BASE 


The curve y represents the rate of ex ante excess flow supply of money (Dc/H — 

mq). Since at the left of tg, y equals the world rate of inflation (PẸ), the 

domestic rate of inflation (P*) equals the world rate, and the balance of payments 

is in equilibrium (Dr/H = 0). At time tg the rate of domestic-credit expansion is in- 

creased by A(Dc/H) and maintained at the higher rate. The new path of y (i.e., Y1) 

first overshoots its new equilibrium rate since the rate of change of the real demand 

for money falls when the expectations of inflation increase. When these expectations 
fully adjust, y converges to its new equilibrium rate, The figure shows that PA and 

P* are first higher than P? and later converge as the whole increase in domestic- 


period 1950-73." Mexico is an interesting 
case study for the monetary approach to the 
balance of payments because of the long 
stability of the Mexican peso,” the freedom 
enjoyed by Mexicans to make international 
monetary transfers and payments, as well as 
the complete convertibility of the peso into 
foreign currency.'* Moreover, because 


\2For a more complete empirical implementation of 
the model, see my dissertation. 

13During the period analyzed here, the Mexican 
peso was devalued only once, in April 1954. 

4Until 1968 the peso was fully convertible into gold 


credit expansion is eliminated through the balance of payments (Dr/H = —A(Dc/H)). 


Mexican commercial policy was relatively 
unchanged during the period, exogenous 
disturbances in the relevant variables were 
not introduced." 

The main objective of this empirical sec- 
tion is to analyze the dynamics of the do- 


but, following the creation of the two-tier gold market, 


the gold trade of the central bank with the public be- 
came somewhat restricted. 

iSThe international movement of goods is restricted 
in several ways. However, what is important in testing 
the model is that the scheme of protection was kept 
relatively constani over the years. 
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mestic rate of inflation and of the rate of 


change of foreign-exchange reserves by esti- 
mating equations (9) and (10) of the theo- 
retical model. However, to make the model 
more tractable to empirical estimation and 
to avoid econometric problems like the 
existence of a lagged endogenous variable 
in the right side of the equations, several 
transformations were made. 

By using L, the lag operator,'® and after 
some manipulations, equations (9) and (10) 
can be rewritten as: 


GO) Pf = 


> a L'(P#) ') 


1+ TT 1+ AU — B) rita 
M1 — 6) ffs =) 
È i -Rer 


De 
+ až — m3) ) 
pe Ti 


n [Br o d 
ni Gr 1+ AQ - B) 
$3 air (i £+ m$ — a* — 2A) 
where 
_ _AU - 8) 
1+ Al — 8) 


Expressions (9°) and (10) indicate that 
the current rate of domestic inflation and 
the current rate of change of foreign- 
exchange reserves may be estimated as func- 
tions of polynomials of current and lagged 
rates of world inflation and of current and 
lagged rates of ex ante excess flow supply 
of money. 

The rate of domestic inflation is a 
weighted average of those polynomials and 
the weights are functions of the elasticity of 
relative prices with respect to the excess 
flow supply of money A, and of the share of 
traded goods in expenditure 8. The lower is 
@ and the higher is A, the higher we expect 
the coefficient of the excess supply of money 
to be relative to the coefficient of PF. 

In the empirical estimations, the price of 


l6For any variable x,, L(x,) = x,, and L,(x,) = 


Xini 


JUNE 1977 


traded goods is approximated by the U.S. 
wholesale price index. The rate of change 
of the ex ante excess supply of money is 
calculated by adding the rate of change of 
domestic credit creation to the rate of 
change of the money multiplier, and sub- 
tracting from this total an estimate of the 
rate of change of the real demand for 
money. To calculate these changes in 
money demand, a function like that given 
by equation (1) was estimated for three 
alternative definitions of money: M, (cash 
plus demand deposits); M, (M, plus time 
deposits); and M, (M, plus demand and 
time deposits denominated in foreign cur- 
rency, which in Mexico are highly liquid 
and fully convertible, and therefore can be 
included in the definition of money). Two 
alternative measures of the opportunity cost 
of holding money were tested: the expected 
rate of inflation,'® and a proxy for the nomi- 
nal interest rate.” 

The value of the polynomials is also a 
function of the values of A and @. For given 
values of 8, a smaller A implies a lower 
weight for the past-year variable. Because ` 
the weights of the polynomial decline geo- 
metrically, lagged variables further in the 
past will have a lower influence on the cur- 
rent rate of inflation. The polynomials were 
constructed attaching alternative values to 
A (for a given value of 6, 0.60, calculated 
from the data). That produced weights for 


17Domestic credit is defined here as claims of the 
central bank on the federal government, on the pub- 
licly owned financial institutions, and on the private 
banking sector. Robert L. Bennet, Dwight S. Brothers 
and Leopoldo Solis, and Leslie W. Small studied in 
detail the characteristics of the Mexican financial sec- 
tor. 

8The proxy for expected inflation më was estimated 
by an error-learning process. The general form of the 
variable is: 


af = 9P +U -Orf 


Several alternative weights (@) ranging from 0.2 to 0.9 
were applied to the lag structure and the one reported 
here corresponds to 6 = 0.6, which maximized the R2. 

'9The only series on interest rate data available for 
Mexico relates to a relatively small portion of the fi- 
nancial transactions carried out in the country. Only 
the commercial loans of private banks from their un- 
restricted asset portfolio are granted at rates that are ” 
approximate to the market-determined interest rates. 
These yields are the proxy used here. 


~~, 


p 


| 
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TABLE |—ESTIMATES OF EQUATION (9) ror Mexico, 1950-73: INFLATION MEASURED 
BY THE RATE OF CHANGE OF THE CONSUMER PRICE INDEX 
l DX; DX, 

Money Pus. X; X; Do D; 

Definition Constant (1) (2) (3) (4) (5) R? D.W. 

M, —0.10094 0.617 0.224 0.449 0.064 0.690 1.88 
(-0.061) (2.57) (3.61) (5.78) (0.95) 

M, 0.1812 0.533 0.290 0.447 0.0682 0.744 2.11 
(0.11) (2.34) (4,43) (6.49) (1.11) 

M —0.7474 0.719 0.239 0.467 0.0964 0.670 1.78 
(--0.44) (2.99) (3.33) (5.56) (1.36) 

M, —0.4484 0.668 0.325 0.480 0.1148 0.720 2.03 
(-0.29} (3.02) (4.01) (6.24) (1.74) 

M3 —0.5778 0.706 0.213 0.470) 0.095 4 0.693 1.79 
(~0.33) (2.87) (3.69) (5.87) (1.39) 

M; —0.1822 0.639 2.89 0.482 0.110 0.755 1.99 
(—0.11) (2.84) (4.64) (6.82) ' (1.80) 





Notes: Numbers in parentheses are f-values. 
aNot significant at the 5 percent level. 


(i) Distributed-lag polynomial of the U.S. rate of inflation. 
(2) Distributed-lag polynomial of the ex ante excess flow supply of money using the interest rate in the esti- 


mations of the money demand. 


(3) Distributed-lag polynomial of the ex ante excess flow supply of money using the expected rate of inflation 


in the estimations of the money demand. 
(4) Dummy for 1954. 
(5) Dummy for 1955. 


the first lagged year ranging from 0.1 to 
0.9.° A number of trials were then per- 
formed to find the combination of poly- 
nomials that maximized the coefficient of 
correlation. For the inflation rate measured 
by the consumer price index, the R? was 
maximized with a weight of 0.6 for the first 
lag in the U.S. rate of inflation and a weight 
of 0.2 for the first lag in the ex ante excess 
flow supply of money. For the wholesale 
price index, the maximizing weights were 
0.8 and 0.3, respectively. These results sup- 
port the belief that the total adjustment to 
changes in domestic monetary conditions is 
completed faster than the adjustment to 
changes in the international price level. 

The complete results for the inflation rate 
are presented in Table 1 (for the consumer 


20The steady-state gains of the polynomials as im- 
plied by the model are: 1 + A(i — 8) for the rate of 
U.S. inflation and Q for the ex ante excess supply of 
money. The number of terms included was truncated 
when the weight corresponding to the following term 
was smaller than 0.01. The polynomials were then con- 


~- structed and constrained to the implied gain by appro- 


priately weighting the included terms in order to 
achieve the required sum. 


price index) and Table 2 (for the wholesale 
price index). In addition to the polynomials, 
two dummy variables are introduced to ac- 
count for the effects of the 1954 devalua- 
tion: one accounting for the effects of the 
devaluation on the rate of inflation during 
that year (Do) and the other for its effects 
during the following year (D,).?! 

All the estimated coefficients are highly 
significant except those of D,, which seems 
to indicate that the major effect of the de- 
valuation on the level of prices was ex- 
hausted after one year. Mexico is a country 


211n order to consider the effects of devaluation on 
the domestic rate of inflation, equation (8) may be re- 
written as follows: 


(8') P* = B(w" + PF) + (1 - B) Pier 


where w* is the rate of devaluation and PẸ is the rate 
of change of the price of traded goods measured in for- 
eign currency. Since the proxy for P$ used in our esti- 
mations is the rate of U.S. inflation, the effect of de- 
valuation on the price of traded goods is not ac- 
counted for, In order to do so, a variable measuring 
variations in the exchange rate must be included. In 
our particular case we use a dummy variable for w* 
because the Mexican peso was devalued only once 
during the whole period under analysis. 
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TABLE 2—ESTIMATES OF EQUATION (9') FoR Mexico, 1950-73: 
INFLATION MEASURED BY THE RATE OF CHANGE OF THE WHOLESALE PRICE INDEX 


DX; 
Money US. X; 
Definition Constant (1) (2 
Mı —0.6294 0.375 0.225 
(-0.47) (2.80) (3.61) 
Mi —0.4894 0.352 
(—-0.387) (2.77) 
M, — 1.0464 0.435 0.201 
(—0.06) (2.95) (2.58) 
M3 —0.8 103 0.423 
{—0.55) (2.95) 
M3 —0.7734 0.414 0.182 
{—0.53) (2.91) (2.83) 
M3 —0.5064 0.397 
(—0.373) (2.90) 





DX, 
xX, Do D; : 
(3) (4) (5) R? D.W. 
0.368 0.0832 0.653 1.93 
(5.10) (1.27) 
0.258 0.366 0.0903 0.655 2.09 
(3.55) (5.16) (1.38) 
0.363 0.109% 0.564 1.84 
(4.33) (1.49) 
0.228 0.368 0.1199 0.548 2.02 
(2.36) (4.25) (1.56) 
0.360 0.1023 0.588 1.92 
(4.53) (1.43) 
0.213 0.365 0.1113 0.580 1.98 
(2.70) (4.54) (1.53) 





Notes: Numbers in parentheses are t-values. Columns (1)-(5): See Table |. 


4Not significant at the 5 percent level. 


with almost unimpeded international mo- 
bility of capital and with relatively few 
restrictions to the movement of goods. In 
addition, its proximity to the United States 
increases the array of goods and services 
that are likely to be traded. Thus, we expect 
` that the value of A will be low and the value 
of 6 high, implying that in our model the 
weight for the Pý s polynomial terms is 
higher relative to that of the ex ante excess 
flow supply of money. That is indeed con- 
firmed by the estimations, since the coeffi- 
cients of Ps, are always considerably 
higher than those of the excess money sup- 
ply. 
In order to analyze the response of the 
balance of payments to monetary disequi- 
libria, equation (10^ is estimated. As in the 
case of equation (9’), alternative values of A 
are used to generate the weights for the 
polynomial. The value of R* is maximized 
when a weight of 0.35 is given to the first 
lagged year, which implies that a stock dis- 
equilibrium in the money market will create 
. aflow process of adjustment in the balance 
of payments that will have-a significant in- 
fluence during a period of about three years. 

The complete results for the rate of 
change of the foreign assets of the Bank of 
Mexico are presented tn Table 3. The results 
indicate that the model has a good ex- 
planatory power in terms of R? and of the 


significance of the coefficients. In general, 
the use of wider definitions of money gives 
a better fit than using M,, as is expected 
from the nature of the model: if we are us- 
ing the M, definition of money, a shift from 
demand deposits to another kind of de- 
posits will be considered as a reduction in 
the demand for money but this shift, by it- 
self, should not affect the flow of reserves. 

As in the case of the rate of inflation, the 
Gevaluation appears to have had a signifi- 
cant effect on the rate of change of foreign- 
exchange reserves during the same year, but 
that effect is not statistically significant af- 
ter a period of one year has elapsed. 


HI. Summary and Conclusions 


In Section I a model is developed in order 
to analyze the impact of external influences 
and of domestic monetary disequilibria on 
the rate of inflation and on the balance of 
payments of a small fixed exchange rate 
economy. The model departs from other 
presentations of the monetary approach to 
the balance of payments since its main pre- 
occupation is the study of the short-run 
characteristics of the adjustment process 
during which rates of inflation are allowed 
to differ among countries. 

The central implication of the theoretical 
inquiry is that increasing the domestic- 
credit component of the monetary base at a 


v 
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TABLE 3—-ESTIMATES OF EQUATION (10') For Mexico, 1950-73: 
THE RATE OF CHANGE OF THE FOREIGN ASSETS HELD BY THE BANK OF MEXICO 


DX; 
Money Ps Xi ) e 
Definition Constant (1) 
Mı 2.363 0.455 
(2.18) (4.10) 
M, 2.155 
(1.84) 
M3 2.610 0.542 
(2.72) (5.23) 
M, 1.6564 
(1.14) 
M3 2.38 0.507 
(2.76) (6.02) 
M3 1.41 
(1.54) 


* 


(2) 


0.481 
(3.37) 


0.622 
(4.47) 


0.591 
(5.29) 


427 
DX, 

U.S. X, Do D, 
(3) (4) R DW. 
0.500 0.156 0.751 1.90 
(4.29) (141) 
0.513 0.1462 0.707 = 1.85 
(4.03) (1.20) 
0.458 0.0863 0.808 2.04 
(4.40) (0.85) 
0.446 0.0518 0.772 2.09 
(2.85) (0.45) 
0.468 0.0964 0.839 1.92 
(4.99) (1.05) 
0.456 0.0612 O811 1.88 
(4.41) (0.60) 


Notes: The dependent variable is the rate of change of the foreign assets held by the Bank of Mexico, weighted 
by the share of the foreign component in the monetary base. Numbers in parentheses are t-values. 


aNot significant at the 5 percent level. 


(1) Distributed-lag polynomial of the difference between the rate of U.S. inflation and the rate of ex ante ex- 
cess supply of money, using the interest rate in the estimations of the money demand. 

(2) Distributed-lag polynomial of the difference between the rate of U.S. inflation and the rate of ex ante ex- 
cess supply of money, using the expected rate of inflation in the estimations of the money demand. 


(3) Dummy for 1954, 
(4) Dummy for 1955. 


rate too fast relative to the growth of the 
demand for money will result in a balance- 
of-payments deficit as well as in a short-run 
rate of inflation higher than that of the rest 
of the world. However, if the discrepancy be- 
tween the supply of and the demand for 
money is maintained at this constant rate, 
the process of adjustment in the markets for 
goods, capital, and money will be com- 
pleted, the domestic inflation rate will con- 
verge to that of the rest of the world, and 
the complete excess supply of money cre- 
ated ex ante will be eliminated through the 
balance of payments. 

The empirical evaluation of the Mexican 
experience between 1950 and 1973 tends to 
support the predictions of the model. The 
Mexican rate of inflation, as measured by 
changes in both the consumer price index 
and the wholesale price index, is signifi- 
cantly explained by external inflation and 
by internal monetary disequilibria. In both 
cases the results indicate that the adjust- 
. ment of prices to internal monetary im- 
™ balance is completed in a shorter period 
than the adjustment to external influences. 


The country’s balance-of-payments perfor- 
mance is also well explained by the indepen- 
dent monetary variable. The lag structure 
indicates that a stock disequilibrium in the 
money market will create a flow process of 
adjustment in the balance of payments that 
will have relevant effects during a period of 
about three years. The 1954 devaluation of 
the Mexican currency had an effect on the 
rate of inflation and on the inflow of re- 
serves during the same year, but these ef- 
fects became insignificant after a period of 
one year. 
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r Measuring the Expected Real Rate of Interest: 
An Exploration of Macroeconomic Alternatives 


By J. W. ELLIOTT* 


At least since the time of Irving Fisher, 
it has been clear that nominal rates of inter- 
est differ from real rates not because of cur- 
rent or past price level changes but because 
of expected future price level changes. Ac- 
cordingly, while nominal rates of return on 
fully discounted notes are observable mag- 
nitudes, expected real returns on the same 
notes are nonobservable. Nevertheless, real 
rates of return and real rates of interest are 
important concepts in the development of 
contemporary macroeconomic theory, par- 
ticularly so as that theory develops richer 
theoretical roles for real rate and inflation- 
ary expectations measures. Furthermore, 
questions such as whether real rates are 
constant over time or are subject to syste- 
matic fluctuation through time reflect at- 
tributes of financial behavior that have im- 
portant implications for understanding 
macroeconomic adjustment mechanisms. 
Even so, little attention has been given to 
the problem of forming and evaluating em- 
pirical measures of temporal movements in 
real rates of interest.’ 

The work done by Fisher and several 
contemporary followers has proceeded on 
the premise the expected real rates of inter- 


*Professor of economics and business administra- 
tion, University of Wisconsin-Milwaukee. I wish to 
thank the Urban Research Center and the Northwest- 
ern Mutual Life Insurance Company for financial 
support in this project. 

Insightful discussions of some of the conceptual 
problems involved in macroeconomic models involv- 
ing price expectations have been given by Thomas Sar- 
gent (1973a, b), and by Sargent and Neil Wallace. An 
interesting discussion of most of the problems asso- 
ciated with forming rational expectations estimates of 
price level changes has been given recently by John 
Rutledge. However the only attempt to define and 
evaluate a measure of the time-series movement in in- 
flationary expectations of which I am aware is a study 
by Patric Hendershott and James Van Horne. Their 


‘N study is greatly limited in its usefulness by the assump- 


tion that risk premiums between bond and equity mar- 
kets are constant over time. 
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est are constant over time. This theory has 
usually been examined empirically by esti- 
mating a model of the form:” 


(1) 


ri = p + T 


n 


> Wi ( Pir-i — Pi-i-1), + Hi 


i=0 


(2) m 


where r, is the nominal one-period rate of 
interest as of t, p is the expected real rate as- 
sumed to be invariant over time, m, is the 
current expected rate of inflation over the 
term of r,, Pa is the log of the price level at t, 
W, are distributed lag coefficients, and u, is 
an error term. Empirical estimates of (2) 
have produced measures of W; that imply 
extremely long lags, a finding that leads to 
considerable suspicion about its useful- 
ness.’ A severe theoretical restriction on 
such analysis has recently been pointed out 
by Thomas Sargent (1973b), who shows 
essentially that a peculiar set of restrictions 
upon the parameters in an IS-LM frame- 
work are required for the results of estimat- 
ing m, by estimating the W, in (2) to be 
statistically reliable* For these reasons, 
and since this paper seeks to measure and 
examine temporal properties of the real 
rate, the Fisherian framework of expres- 


2 Recent examples of this can be found in papers by 
William Gibson (1970) and William Yohe and Denis 
Karnosky. Fisher also ran similar tests. 

3Papers by Phillip Cagan, Marc Nerlove, and Sar- 
gent (1973a, b) raise such doubts and offer possible 
reasons for the findings obtained in some of the pre- 
vious work. 

4Sargent’s objection appears to be associated with 
the general property of most theoretical macroeco- 
nomic constructs that either (a) both a, and p are 
endogenous variables, or (b) a, is exogenous while p is 
endogenous, In either case, attempts to determine 7, 
that assume p constant over time are likely to produce 
misleading results upon empirical analysis of most real 
world data in which this restriction is not likely to be 
present. 
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sions (1) and (2) is employed only as a base- 
line against’ which to evaluate other less 
problematical approaches.” 

Other wark by Stephen Turnovsky and to 
a certain extent by David Pyle and William 
Gibson (1972) has explored the extent to 
which the survey data of J. A. Livingston, 
a syndicated columnist for the Philadelphia 
Bulletin, are useful to represent inflationary 
expectations, from which the real rate 
derives. Their evidence has not suggested 
the survey approach is superior to statisti- 
cal means of measuring inflationary sugges- 
tions. In this paper, the empirical problem 
of measuring real rates of interest is ad- 
dressed by statistical means under the 
premise that information can be gleaned 
from market behavior that is at least as use- 
ful as information that could be provided 
by survey participants. In addition, the real 
rate is assumed to be a time-subscripted 
variable that influences and is influenced 
by the operation of macroeconomic mar- 
kets. Accordingly, we write . 


(1°) Pr = py + KT 


and initially seek to explain p, by appealing 
to macroeconomic theory. Alternative 
models for the real rate are defined based 
on neo-Keynesian and loanable funds 
macroeconomic frameworks. Estimates of 
the real rate are formulated from Muthian 
premises for several alternative models. 
The performance of each resulting measure 
of the expected real rate as an estimator of 
the future realized real rate is used to judge 
its efficiency as a representation of rational 
real rate expectations. The results show a 
basically neo-Keynesian model specification 


SEugene Fama hes recently tested the Fisherian as- 
sumption that the real rate is constant and reperted 
positive evidence in this regard. 

6A reason often expressed for the lack of explana- 
tory dominance of survey data is that the feelings of 
respondents that are expressed in survey forms do not 
coincide with the influences that motivate their actions. 
In this regard, George De Menil and Surjit Bhalla have 
recently concluded essentially the same thing in finding 
that a measure of inflationary expectations develaped 
from the Michigan Survey of Consumer Finances ex- 
plain wage changes about as well or perhaps somewhat 
better than a group of indirect measures previously 
proposed. 
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for the equilibrium real rate of interest ` 
coupled with a monetary explanation of ex- 
pected inflation rates to be the most efficient 
vehicle for the measurement of expected 
real rates of interest. A measure of the ex- 
pected real rate is calculated from this 
model structure over the period 1960-74, 
and is found to be an unbiased estimate of 
the ex post real rate, subject to substantial 
short-run shifts over time, and largely inde- 
pendent of fluctuations in real output in its 
time-series behavior. 


I, Measuring the Expected Real Rate 


The real rate is an expectation widely 
held by investors. John Muth’s concept of 
such an expectation is that it 1s rational if it 
is equal to the prediction of relevant theory. 
To apply this attractive notion to measur- 
ing the expected real rate requires (a) speci- 
fication of what constitutes ‘‘relevant 
theory” vis-a-vis real rate fluctuations, and 
(b) extracting predictions of the real rate 
from the theoretical model. 

The question of what constitutes relevant © 
theory for such an expectations measure 
can be usefully examined in terms of the 
efficiency of alternative theoretical con- 
structs in using available information. A 
particular expectations model is more ef- 
ficient than another if it more completely 
reflects the information contained in cur- 
rent macroeconomic variables. Accord- 
ingly, an expectations measure that reflects 
current information more fully than 
another measure is “rational” in that it 
produces more accurate predictions than 
other alternatives. Thus, the efficiency of 
an expectations measure in the use of in- 
formation can be judged by the accuracy of 
predictions drawn from it compared with 
other candidate measures. 

In constructing such an expectations 
measure for the real rate, several plausible 
theoretical alternatives are present. First, 
a class of macroeconomic constructs is pos- 
sible in which real income, prices, and real 
rates are assumed to be endogenous vari- 
ables jointly determined by commodity, - 
money, and labor market adjustment pro- 
cesses. We refer to these as neo-Keynesian. 


-_ 


ro 
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A second class of macroeconomic con- 
structs from which a rational expectations 
real rate model can be formed assumes real 
income to be exogenous to the market 
clearing mechanism in commodity, money, 
and bond markets. Principle endogenous 
variables in these models are prices and real 
interest rates. We refer to these models as 
neoclassical-loanable funds. 

Both neo-Keynesian and loanable funds 
constructs involve real and nominal rates 
of interest; thus both require a theoretical 
way to account for fluctuations in the in- 
flationary expectation that connects real 
and nominal rates. At least two theoretical 
alternatives are present in this regard: (a) a 
monetary explanation of inflationary expec- 
tations, and (b) a factor market explanation 
that relies upon wage rate dynamics. In ad- 
dition, both constructs involve long and 
short rates and thus implicitly involve both 
long and short inflationary expectations. In 
what follows, we assume both long and 
short inflationary expectations to be ap- 
proximately equal and thus capable of 
being characterized by a single measure. 

In this paper, specific econometric rep- 
resentations of neo-Keynesian and loan- 
able funds models are developed, as are 
monetary and labor market models for in- 
flationary expectations. When each of the 
models of inflationary expectations are 
coupled with each of the macroeconomic 
models, the result is four plausible alter- 
native models of the expected real rate. The 
efficiency of these alternatives in the sense 
of Muthian rationality is judged by their 
relative performance in real rate predic- 
tions. 


Il. A Neo-Keynesian Framework 


To provide a neo-Keynesian explanation 
of p,, a simple model is employed that is 
nearly identical to that recently proposed 
by Sargent (1973a). It is given as follows: 


Aggregate Supply 


(3) yi- d, = aC — we) + Vint 


a,>0 
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Aggregate Demand 


(4) ye — d = bipi + bazi + voy 
b; < 0, b> >0 


Monetary Balances 


(5) M, — Pe = Gyi + Crh + Va 
ci > 0; ec. < 0 


where y,, p,m, and d, are the natural log- 
arithms of real national income, the price 
level, the nominal money supply, and the 
level of capacity real income, respectively; 
where , p*, is the level of prices expected 
to prevail at time t as of time t — 1; and 
where z is a group of exogenous or prede- 
termined determinants of aggregate de- 
mand. Specific definitions of the statistical 
series used to measure these and all other. 
variables are given in Appendix A. 

In this model, the aggregate supply 
schedule relates the gap of actual real out- 
put from full-employment output to unan- 
ticipated price level changes. This reflects 
the model of aggregate supply studied inten- 
sively by Robert Lucas (1973a, b), and by 
Lucas and Leonard Rapping in which pro- 
ducers consistently perceive their product 
price increases as not being accompanied 
by factor price increases and thus are will- 
ing to expand output proportionately. 

The aggregate demand schedule given by 
expression (4) is a simple JS curve in which 
real interest rates and a vector of exogenous 
demand determinants (z) are assumed to 
determine the gap between aggregate de- 
mand and full-employment supply. The 
exogenous demand determinants are (a) 
government expenditure and net exports, 
both assumed to be autonomous demand 
components, and (b) a distributed lag on 
past output change, assumed to be a deter- 
minant of aggregate investment demand. 

Monetary equilibrium is given by expres- 
sion (5) as a condition where demand for 
real money balances, driven by real income 
and nominal interest rates, is equated with 
the supply of real balances.’ 

In the model given by expressions (3)- 


7This expression differs from Sargent’s (1973) model 
by not assuming that C; = 1. In a later paper, Sargent 
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(5), Yt, Pure, and p, are endogenous while 
mM, d, and z, are exogenous. To complete 
the model specification, it is necessary to 
provide an additional equation in the endog- 
enous variables.®> For our purpose, it is 
appropriate to specify an additional expres- 
sion for the inflationary expectation, m, = 
rı — pı. With a structural expression for r, 
added, the model provides a complete ex- 
planation for the four endogenous vari- 
ables. A model for the real rate results by 
solving expression (4) for p, as follows: 


(6) 
pr = bi (y - d) — babi z, = bT va. 


and by replacing y, by its first stage re- 
duced-form estimate, ŷ,, to avoid the 
simultaneity bias that otherwise would 
accompany the estimation of coefficients in 
(6) by single equation methods. The specific 
formulation of z we employ is: 


12 

D a= GX + 2) WA 

where GX is the level of government real 
spending plus real net exports, and where 
| the W; are distributed lag weights assumed 
' to lie along a third-order polynomial. This 
formulation of z assumes that the level of 
government outlays and an expectional type 
investment accelerator are principal influ- 
ences on the position of the JS curve. The 
value of ĵ, is obtained by regressing y, upon 
the highest causal order predetermined vari- 
ables in the model structure which consists 
of all unlagged exogenous variables. Thus: 


(8) | Si = Ko + kirdi + kiem 
+ kicz, + Kae Jy 


where J,, is the vector of exogenous deter- 
minants of m, according to the model for 
inflationary expectations we add to com- 
plete the neo-Keynesian model specifica- 
tion. To specify Jı, we initially consider a 


also uses the form of this equation given by expression 


(5). See Sargent and Wallace. 

8This model can be considered complete in its 
present form if inflationary expectations are taken to 
be exogenous, 
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monetary explanation of inflationary expec- ` 
tations. . 


III. A Monetary Model of Inflationary 
Expectations 


The monetary model developed here for 
explaining price expectations has similari- 
ties to a monetary model for “consistent” 
expectations developed by Allen Walters in 
the course of an interesting discussion of 
the use of rational expectations to defend 
purely autoregressive models of inflationary 
expectations. Assuming the ratio of mone- 
tary velocity to real income to be approxi- 
mately constant in the short run produces 
the conclusion that the equilibrium level of 
prices, Pi, is proportional to the nominal 
money supply, as: 


(9) Pi = a-M, 
or log Pi = log a + log M, 


which we denote as: 
(10) pPr=a+m, 


Actual price levels are seen as continu- 
ally adjusting towards pf according to a 
partial adjustment structure: 


(1) pur — pP = [1 — Bil ptar — p] 
which implies 


0D per = [1 = 62, B pia 
We can generalize this to: 


(13) Pui = Dy Mi Peat—i 
i= Q 


where Dy; = 1. 
Differencing both sides of (13) gives: 


(14) Pai- Pe =D, my phate — pii] 
ind 


Under rational expectations and the mone- 
tarist rule given by (10), we may replace p° 
in (14) by the expected value of m, denoted 
by E(m), plus the constant value a and ob- 
tain the expected value of the price level, 
E(p). 


baia. 


ae 


} 


(16) 
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It follows that: 


(15) Elpuil—- P = 2, uy (E411) 
— moi] + Eir 


where e,, is an error term. We assume that 
the expected value of the monetary growth 
term one quarter ahead is proportional to 
the most currently observed value, i.e., that 
E(m,1) is (1 + ©) (m) where ® is the ex- 
pected normal growth rate in the log of 


‘nominal money supply. Since E[p,,,] — 


P: = m, according to our definition, we 
have: 


i, = 2, Mit Mimi + ert 
is 

as the monetary explanation of expected 
inflationary rates. In the empirical tests, we 
truncate this lag beyond 11 quarters. In- 
serting the right-hand side of expression 
(16) into expression (8) in place of J,, and 
fixing the error at its mean of zero gives: 


(17) dy = ko + kis dy + kaem + k3-z, 
H 
+ kao >, By My; 
i=0 


as the first-stage equation for obtaining },. 
Estimation of the second-stage structural 
equation (6) using ĵ, enables a rational ex- 
pectation estimate of p, to be calculated as 
the prediction of this model. We denote this 
estimate as the neo-Keynesian-monetary 
explanation of p,. We now consider alter- 
native rational expectations models. 


IV. A Neoclassical-Loanable Funds Model 


As an alternative to the neo-Keynesian 
macroeconomic framework, an essentially 
neoclassical loanable funds explanation of 
the real rate is employed. The structure 
used has some similarities to a model re- 
cently presented and analyzed by Panayotas 
Korliras, which views the interest rate to 
be the direct product of supply of and de- 
mand for real purchasing power (or real 
bonds) in financial markets. 

The total supply of real bonds B* consists 
of a business component BB* that associates 
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with the demand for real investment goods 
by business, and a government and foreign 
component GXB°. 

As long as debt securities comprise a 
steady proportion of total investment funds 
of firms, the business component of bond 
supply is proportional to an aggregate in- 
vestment function. Taking this and the fol- 
lowing relationships to be linear, primarily 
for convenience, we have: 


(18) BB: = dip, + L, “AY, + Wit 
d, < 0; L, >0 


where Y,, is the level (not /og) of real ag- 
gregate income; L, is a lag operator rep- 
resenting a time-distributed accelerator 
effect on investment demand identical to 
that used in the neo-Keynesian structure, 
pı is the expected real rate as before, and 
W,, is an error term. 

The Government Bond Supply GXB? is 
equal to the net government borrowings 
from the public. From the standpoint of a 
Treasury /Federal Reserve sources and uses 
of funds statement, GYB{ is a residual that 
equates total sources and uses of funds, es- 
sentially as follows: 


GXB, = Def + Ex + ABal — AM, 


where Def is the gross government deficit 
including interest and transfers, Ex is gov- 
ernment purchases of foreign exchange, 
ABal is the change in Treasury Operating 
Balances, and AM, is the change in the 
monetary base. The values of Def and ABal 
are usually assumed to be related to aggre- 
gate income. In the present loanable funds 
context, where aggregate income can be 
taken as largely independent of the interest 
rate, these terms are similarly independent. 
With AM, and Ex also normally thought 
to be independent, GX B; can be assumed to 
be exogenous in the loanable funds model.’ 
Specifying the lag in (18) to be polynomial 
of third degree and 12 quarters in length 
gives 


9In the empirical tests, the individual source-use 
components are not separated, but instead the net bor- 
rowings variable is taken as a single exogencus entity. 
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(09) BS = dip +}. XAY, 
isl 


The total demand for real bonds B¢ con- 
sists of private sector and public sector 
components. The private sector component 
includes demand for bonds by consumer 
and business sectors, and a component of 
demand related to the money-creating 
powers of commercial banks. Having ear- 
lier identified GXYB; as a net supply of bonds 
.due to public sector effects, the total net 
demand for real bonds is just equal to the 
private sector demand. 

Private sector real savings S, is allocated 
in part to changes in holdings of real money 
balances and in part to a demand for bonds. 
The total savings flow S, is related to ag- 
gregate income according to a simple neo- 
classical saving function: 


(20) S, = @ + Yir-1 + ep + Wo 


0O<e<le>QO0 


in which the level of real income last 
(quarterly) period is taken to be an appro- 
priate income magnitude for the loanable 
funds framework. This retains an important 
postulate of neoclassical loanable funds 
theory that current real income is deter- 
mined independently of current interest 
rates and prices. Interest rate movements 
are primarily important in partitioning cur- 
rent real income into consumer and invest- 
` ment flows in the process of regulating the 
flow of money capital through financial 
markets. The use of one lagged income re- 
flects this idea and also preserves the sta- 
tistical integrity of our measures in the case 
where real income and interest rates are in 
fact jointly determined variables. 

Taking the flow of current real saving as 
fully allocated to either changed levels of 
desired real money balances, AMH,, or 
changed levels of consumer, business, and 
bank security holdings, PB¢, gives the fol- 
lowing: 


(21) PBi = S,, — AMH, 
Combining (21) and (20) gives: 
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(22) PBi = eo + e, Ypr-1 + €p: 
re AMH, + War 


In addition, it is assumed that banks initiate 
portfolio adjustments by alterations in the 
inside money component that change the 
flow of security demand for a given level 
of consumer and business saving. Since this 
is done by changes in-the level of efficiency 
at which reserves are employed within the 
constraints imposed by the Federal Re- 
serve, a component of bank-initiated de- 
mand for bonds is possible that is related 
to changes in the ratio of reserves to re- 
quired reserves held by commercial banks 
as follows: 


(23} CBBi = AARD, + Ws, fi > 0 


where CBB‘ is the demand for securities due 
to the portfolio adjustment of banks and 
where RD, is the ratio of total reserves to 
required reserves. The total demand for 
bonds B’ is the sum of consumer, business, 
and bank-initiated demands, or adding (22) 
and (23): 


(24) D’ = eo + 6Y, + erm, 
+ fiARD, — AMH, + Wa 


Changes in desired real money balances 
are assumed to be governed by a conven- 
tional demand for money rule in which 
changes in real income and in nominal rates 
of interest are principal influences. To this 
we add a component of demand represent- 
ing the change in transactionary demand 
for real money balances by governments, 
giving: 


© (25) AMA, = 2 AY 4-1 + RAn 


+ BAG + Ws, 
gı > 0; g2 < 0; g; > 0 
where AG, is the change in real government 
outlays. In this expression, the most re- 
cently attained real income change is again 
used as in expression (20) for the same rea- 
sons as discussed previously. 

To complete the loanable funds model, 
we assume the bond market is continually 
cleared in the sense that B? = B? at all t and 
that changes in the level of desired real 
money balances are brought into equality 


* 
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- with changes in the supply of real money 


balances AMS, at each t. In the latter case, 
we assume that changes in the nominal 
money supply have both an exogenous and 
an endogenous component while current 
price level is endogenous. As the ratio of 
the two, the real money supply can thus be 
taken to be endogenous in the present 
analysis. With Y,,_, given, adjustments in 
r and in P, occur until 


AMS, = AMH, 
while at the same time:'® 
Bi = Bl = B, 


With these conditions imposed, the loan- 
able funds structure is complete once a 
specification for m, is added. The endoge- 
nous variables are r,, B,, AMS,, and m, = 
r, — pı while the structural equations are 
expression (19) for B7, expression (24) for 
B’, expression (25) for AMH, = AMS,, 
and the expression we add for m. 

From this framework, we can construct 
an expression for the real rate of interest by 
setting expression (19) for B* equal to ex- 
pression (24) for B“, and solving for the 
value of p,, as follows: 


(26) p = Ko + K\[GXB, + AMS,] 


+ K2+ Yn- + K3 ARD, 
12 
+ > Xi AY i + Wes 
i=] 
where the coefficients Ko, ..., K, and X; are 
combinations of the d, e, f, and g in which 
K, > 0, K2 < 0, K, > 0, and ZX; > 0 due to 
the restrictions on the original coefficients. 
To estimate K;, the endogenous variable 
AMS, is replaced by its first-stage proxy 
AMS,, which is obtained from the follow- 
ing reduced form expression: '! 


(27) AMS, = ho + h\GXBi + hi- Ypi 
TE h,;- ARD, + h,- AG, 
+ hs AY,- + hsl Jr] 


10More complex disequilibrium models are over- 
looked at this point in favor of a tractable empirical 
structure. 

HAs in the neo-Keynesian case, lagged endogenous 
variables are excluded due to their low causal order 
along with the lag distribution on AY, t~i. 
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where as before J,, is a vector of exogenous 
variables associated with the expression we 
employ for m, to complete the model struc- 
ture. 

Using the monetary model of inflationary 
expectations (expression (16)) to specify 
J,. gives the completed first-stage expres- 
sion for MS, as: 


(28) AMS, = ho + hiGXBi + hy- Y, 
=f h,- ARD, F h,- AG, 
+ h; 7 A Y 


1] 


+ hed >. Hit Mii 
i=0 


When the structural expression (26) is 
estimated in the second stage using AMS 
in place of AMS, a rational expectation 
estimate of p, can be obtained as the predic- 
tion of this model. We denote this estimate 
as the loanable funds-monetary explanation 
of the expected real rate. 


V. An Alternative Inflationary 
Expectations Model 


As an alternative to associating inflation- 
ary expectations with changes in the mone- 
tary aggregate, adjustments in labor market 
variables can be assumed to reveal the prev- 
alent inflationary expectation in a different 
way. In a Walrasian-type labor market ad- 
justment mechanism of the general type 
recently discussed by Jerome Stein, the rate 
of change in the money wage rate can be 
decomposed into a real and an inflationary 
component as follows: 


AW.) ACW/P)iai | APe at 

W, (W/P). P, 
where W is the money wage rate and P the 
price level. At time t, expectations about 
the values of W and Pint + 1 replace their 
actual values, giving: 
E(AW:41) _ E(AC(W/P)t41) 

W, (W/P) 
E(A Pai) 
+ P, 


Under rational expectations, the expecta- 


(29) 





(30) 
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tional measures in expression (30) are gov- 
erned by current relevant information and 
are equal to the one-period ahead predic- 
tions produced by this information. Since 
E(AP,.1;)/P, = m, according to our earlier 
definition, a model of rational inflationary 
expectations can be formed from (30) by 
specifying determinants of expected money 
and real wage changes. In the U.S. econ- 
omy of the 1960’s and 1970’s with which we 
are concerned, regular increases in money 
rates have been both expected and realized 
by wage earners, generally regardless of 
product or labor market conditions, L.e., 
money wages give the appearance of being 
largely exogenously determined over this 
period. Indeed; when a quadratic trend and 
a first-order autoregressive pattern are re- 
moved from the time path of the money 
wage rate over this period, the resulting 
deviation from trend shows no relationship 
to either labor market or product market 
conditions.” The character of the time path 
of money wages during the period of our 
-analysis suggests the representation of ex- 
pected money wage rate changes as a dis- 
tributed lag on recent past actual money 
wage rate changes. Accordingly, we pro- 
pose: 


8 
(31) es = > mflog Wi 
t i=0 
— log W_j-1)) Zm > 0 


If-money wage rates are largely auto- 
. regressive, the major burden of short-run 
real wage adjustments to changing equi- 
libria falls upon product prices. The equi- 
librium real wage-(W/P){ is that which 
clears labor markets. When the market real 
wage rises above (W/P)f{, the re-equilib- 
rating process emphasizes adjustments in 
product prices, regardless of whether levels 


12In a simple trend analysis of the money wage rate 
over 1960-74, a quadratic trend is found to improve 
the fit of either a linear or log-linear trend. Generalized 
least-squares estimation is necessary to reduce the 
strong autocorrelation in the residuals from this fit. 
The deviation from this trend component is found to 
have a coefficient of determination (R2) of .04 relative 
to the gap of actual real GNP from potential GNP, and 
an R? of .OF with respect to the unemployment rate. 
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of production are at or below full employ- 
ment. When the market real wage fails be- 
low (W/P){, demand for output exceeds 
full-employment production. If money 
wage rate changes continue to be indepen- 
dent of labor market conditions in this 
circumstance, then product shortages occur 
as producers are unable to produce at levels 
called for by their labor demand functions. 
As money wage rates adjust upward over 
time in their normal fashion, the demand 
for labor subsides toward full-employment 
levels. 
This real wage adjustment process implies 
a time-distributed adjustment méchanism. 
Assuming real wage expectations are in- 
fluenced in part by the expected growth rate 
in the equilibrium real wage and in part 
with a view towards the operation of a time 
distributed adjustment mechanism gives the 
following: 
ELACW/P) 1] 


32) ——+— st 
ae (W/P), 


-— log (W/P)? + X ni 


~ log (W/P),,-1) Bm, > 0 


In expression (32), the distributed lag term 
measures the adjustment process of the 


E\log W/P)t,1] 


illog( WIP); 


market real wage to the equilibrium levels 


aie: to . previous discussion. The 

Ellog(W/P)i,,] — log(W/P) term is the 
expected change in the equilibrium real 
wage. In the United States, technologically 
based advances in labor productivity that 
regularly exceed increases in the supply of 
labor lead`to a normally increasing equi- 
librium real wage. To obtain a time-series 
representation of (W/P)*, data have been 
taken on the actual real wage, the workage 
population, and upon labor productivity for 
the 27 quarters over the 92-quarter period 
1952.1 to 1974.4 in which the level of real 
national income was within 1 percent of its 
full-employment potential as measured by 
the U.S. Commerce Department.” These 27 


'3The percent of potential has been rounded to the- 
nearest whole percent. The full-employment quarters 
are 1952.1-1952.4, 1953.3, 1953.4, 1955.1-1956.2, 
1965.3, 1965.4, 1967.1-1969.3, 1973.1, and 1973.2, 


t 
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data points provide an indicaton of the 
movement in the equilibrium real wage over 
time, Using this full-employment sample, 
the real wage was regressed on the workage 
population and upon labor productivity. A 
good statistical fit resulted.4 The resulting 
equation is used to interpolate and extrap- 
olate to fill out the entire time-series and 
thus give a. crude estimate of (W/P)°*. Esti- 
mated in this way, it appears safe to rule 
out feedback from current real interest rates 
to (W/P)*. Accordingly, we take (W/P)f as 


. exogenous for purposes of determining cur- 
` rent inflationary expectations. To specify 


the determinants of Ellog(W/P){,,|, we 
make the assumption that an average long- 
run rate of growth in the log of W/P)f, r, 
from current levels is expected each time 
period, so that 
(33) 
Ellog(W/P)i.4) = C+ r)log(W/P):) 
Combining expressions (30), (31), (32), 
and (33) gives the complete labor niarket 


. model of inflationary expectations: 


y 


g 3 
(34) m, =>, m(log W,_, — log W,_;-;) 


i=0 
8 
+ rllog(W/PX] — È, nflog(W/PY., 


3 — log(W/P)-i-1] 


With respect to the first-stage equations in 
the neoclassical and loanable funds models, 
the right-hand side of expression (34) con- 
stitutes an alternative to the monetary 
model for the specification of J,,. When it 


14The equation is as follows: 
(W/P)f = —16.32 + 577 (Pop), + .374 (out /MH J 


(0.97) (2.81) (2.71) 
R? = 985 
S.E. = 0.57 
D.W. = 2.07 
p; = 1.352 n = 27 
p} = —.354  F(2,24) = 788.8 


where (Pop), is the 16 and over populations and 
(out/ MH) is output per man-hour in the private sec- 


_tor; p; and pz are autoregressive parameters in gen- 


eralized least-squares estimating procedure employed 
due to high OLS autocorrelation. 
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is combined with the neo-Keynesian equa- 
tions (6) and (8), a third rational expecta- 
tions estimate of p, results. We denote this 
combination as the neo-Keynesian-labor 
market model. When expression (34) is 
combined with the loanable funds equations 
(26) and (27), a fourth rational expectations 
estimate of p, results. We denote this as the 
loanable funds-labor market model. | 

Finally, the Fisherian formulation of the 
real rate as the difference between the 
nominal rate and a distributed lag on past 
inflation rates (as given by expression (2)) 
provides a fifth way an estimate of p, can be 
derived. Judging the predictive performance 
of the Fisherlan model compared to the 
other models now given is of some impor- 
tance since the Fisherian model has been 
used as an expectations generating mecha- 
nism in a number of different studies, in- 
cluding papers by Richard Roll, Gibson 
(1970), Leonall Anderson and Keith Carl- 
son, Martin Feldstein and Otto Eckstein, 
Yohe and Karnosky, Turnovsky, and 
Franco Modigliani and Robert Shiller. 
Furthermore, a recent paper by Charles 
Nelson shows that a purely autoregressive 


expectations model will provide estimates 


that are efficient in the sense of producing 
minimum predictive error only for a par- 
ticular and highly simplified underlying 
macroeconomic model structure.’ Ac- 
cordingly, the Fisherian formulation of p, 
provides a useful baseline against which to 
compare the relative advantage of the 
structural models now proposed. 


VI. Empirical Tests 


The following alternative rational expec- 
tations models of the real rate have now 
been given: 

a) neo-Keynesian p,-labor market m, 

b) neo-Keynesian p,-monetary 7, 

c) loanable funds p,-labor market m, 

d) loanable funds p,monetary m, 

e) Fisherian autoregressive model (equa- 

tion (2)) 


15 Where the true expectations generating mechanism 
is driven by several exogenous disturbances, Nelson | 
shows that estimating expectations by these influences 
will always be more efficient than the autoregressive 
structure. 
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The 60-quarter period 1960-74 is chosen 
as the data base for the present analysis, 
largely on the notion that the economic re- 
lationships upon which real rates are based 
are likely to be more nearly constant over a 
period of this general span than over a sub- 
stantially longer period, 

A special problem in the 1960-74 data is 
the occurrence of the price controls of 
1971-73, which may have had an effect on 
inflationary expectations over this period. 
This is handled by adding to each of the 
models a dummy variable with a value of 
zero during precontrol and _ postcontrol 
quarters and a value of one during the 
quarters in which controls were in force. In 
this way, the partial impact of controls can 
be ascertained and accounted for in the 
analysis. 

The models are initially estimated over 
the 1960-74 period to enable in-sample pre- 
dictive tests. In these tests, the dependent 
variable is the ex post one-quarter ahead 
real rate, px,. The value of px, is obtained 
by subtracting from a 90-day nominal com- 
posite spot rate at t the actual rate of price 
change from t tot + 1. This ex post value 
can be characterized as being composed of 
‘an expected portion earlier identified as p, 
and an unexpected portion, é, i.e., px, = 
po, + €,. Since p, is equal to the calculated 
value from the associated economic model, 
the use of least squares estimation pro- 
cedures constrains the in-sample estimates 
of p, to be unbiased, i.e., Elpx,] = Elp]; 
Ele] = 0. In addition, the «e, are assumed to 
contain no predictable pattern, i.e., they are 
assumed to be white noise. Under these 
conditions, the principal information pro- 
vided by the in-sample test is a comparison 
of the accuracy of each model in terms of 
the size of the residual variation each ex- 
hibits over the sample period. Table | 
shows these results. The neo-Keynesian 
/ model for the real interest rate completed 
by the monetary explanation of z, provides 
the lowest residual standard error and the 
lowest average absolute error of the alterna- 
tives examined. The neo-Keynesian mone- 
tary model is accordingly the most efficient 
characterization of expectations among the 
alternatives examined according to the in- 
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TABLE 1—ONE-PERIOD AHEAD PREDICTIONS OF p; 
OBTAINED ON AN IN-SAMPLE Basis* 


1960-1974 

Average 

Root Mean Absolute 
Square Error Error 
1) Neo-Keynesian-Wages 1,16 0.95 
2) Neo-Keynesian-Monetary 1.09 0.88 
3) Loanable Funds-Wages 1.12 0.92 
4) Loanable Funds-Monetary 1.12 0.92 
5) Fisherian Autoregressive 4.10 3.93 


aShown in percent. 


sample tests.'° Further, each of the four 
macroeconomic models clearly dominates 
the autoregressive model in terms. of re- 
sidual variation, a result that suggests the 
information associated with the macro- 
economic explanations of m, is considerably 
more efficient than the information con- 
tained in past inflation rates." 


l6Two additional real rate models can be obtained 
by alternatively using the monetary and labor market 
models of r to obtain estimates of the rationally ex- 
pected inflation rate. By making the assumption that 
the real rate is essentially a stationary stochastic pro- 
cess of a random walk nature, the rational expectations 
estimates of x can be subtracted from the nominal rate 
to obtain estimates of p,. This approach essentially re- 
stricts all the arguments in the real rate structural 
equations in both macroeconomic models to have zero 
coefficients. Fitting the monetary model over the 
1960-74 period gives an average absolute error of 1.06 
percent, while the wages mode! produces an average 
absolute error of 1.18 percent. Both are higher than the 
worst of the macroeconomic explanations. An F-test 
of the significance of the restriction implied by the 
monetary model that the coefficients in the real rate 
structural equation are zero are 1.72 for the neo- 
Keynesian equation and 1.57 for the loanable funds 
equation. Both are significant at the 5 percent level. 
Comparable F-statistics for the wages model of 1.64 
and 1.85 show the same result. Thus, the restrictions 
upon the macroeconomic real rate structure that are 
implied by the presumption that the real rate is a ran- 
dom walk are not confirmed in the data. The more 
sophisticated real rate model structure has significantly 
increased explanatory power. 

17As an additional type of test relating to Nelson’s 
work, the statistical significance of adding the autore- 
gressive model structure to the best fitting neo-Keynes- 
ian monetary model was determined. It was found 
that the information contained in past inflationary 
rates adds nothing to the explanation of inflationary .- 
rates provided by the neo-Keynesian monetary model 
(F = 1.17 for the autoregressive distributed lag). How- 
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TABLE 2—CONDITIONAL POSTSAMPLE PREDICTIONS 
; (Shown in Percent) 


Prediction? 
Standard Error 


1} Neo-Keynesian-Wages 

2) Neo-Keynesian-Monetary 
3) Loanable Funds-Wages 

4) Loanable Funds-Monetary 
5) Fisherian Autoregressive 


6) Composite 


1.95 
1.69 
1.90 
1.91 
3.37 
1.94 


Average Mean Error 
Absolute Error (T-value)? 
1.63 ~ 0.84 
(2.29)¢ 
1.44 —0.47 
(1.47) 
1,59 —0.40 
(1.23) 
1.60 —0.37 
(1.20) 
2.43 —0.55 
(0.87) 
1.61 —0.53 
(1.27) 


aThe residual in this analysis is defined as the predicted value minus the subsequent ac- 


tual value. 


bThe t-value given is the z-statistic resulting from the null hypothesis that the mean 


residual is zero. 
cSignificant at the 5 percent level. 


A 28-quarter postsample prediction test 
of each model has been made to allow a 
comparison of the one-period ahead pre- 
dictive powers of the various models. The 
models are initially estimated over the 20- 
quarter period 1960-67 and used for condi- 
tional predictions over the four quarters of 
1968. They are then reestimated over 
1960-68 for conditional predictions of 1969, 
and so forth with the last estimation in- 
terval being 1960-73 for a 1974 prediction.'® 


The resulting predicted real interest rates 
measure expectations one quarter ahead. 
To evaluate predictive accuracy and predic- 
tion bias, they are compared with the sub- 


ever, in the reverse case, itis also found that the struc- 
tural explanation does not add significantly to the ex- 
planation of fluctuations in m, provided by the auto- 
regressive model (F = 2.67). These tests are similar to 
those proposed in a recent paper by Michael Ham- 
burger and E.N. Platt as weak form and semistrong 
form tests of the efficiency of information use. My re- 
sult seems to indicate that the two models are broadly 
similar in their explanatory capability. Given the Ta- 
ble | results, the macroeconomic model is the better 
of the two alternatives by virtue of its clearly lower 
standard error. 

I8The wage-price control dummy is excluded from 
the estimations until the 1960-71 estimation at which 
sufficient data under controls is present to warrant its 


Ss-inclusion. The 1971 predictions did not have a mecha- 
= nism to account for controls, but were not apparently 
/ influenced to a great degree by the condition. 


sequent ex post real rate. In addition, a 
composite prediction is calculated as the 
arithmetic average of other predictions to 
help examine the extent to which various in- 
dividual predictions are offsetting. These re- 
sults are summarized in Table 2, which 
gives the postsample prediction standard er- 
ror, the average absolute error, and the 
mean prediction error. Each individual pre- 
diction is.contained in Appendix B. For the 
mean prediction error, a t-statistic has been 
constructed for the null hypothesis that no 
prediction bias is present, i.e., that the 
population mean error is zero. The table 
shows that significant prediction bias at the 
5 percent level is present in the case of the 
neo-Keynesian wages explanation of the 
real rate but is not demonstrable in the case 
of any of the other models tested. However, 
all models produced predictions having .a 
mean lower than the actual value, largely 
due to a substantial underprediction of the 
1974 inflationary rate. In fact, the com- 
posite of all predictions shown in the sixth 
line of the table shows the mean prediction 
to be low by about 1/2 of a percent over the 
sample period, an amount not significantly 
different from zero on our t-tests. 

The lowest residual standard error and 
average absolute prediction error in the 
postsample prediction tests is produced by 
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the neo-Keynesian monetary model, con- 
sistent with the in-sample tests. The three 
other macroeconomic approaches, 1), 3), 
and 4) in Table 2, rank next and about 
equally in residual variation. The autore- 
gressive model is the least effective in pòst- 
sample predictions by a considerable mar- 
gin. These rankings are entirely consistent 
with those of the in-sample tests. Little 
value is seen to attach to a linear composite 
of the various predictions, as this predictor 
is among the least efficient of those con- 
sidered. This result suggests most of the 
model prediction errors are in the same di- 
rection and are not importantly offsetting. 
On the basis of Tables 1 and 2, the neo- 
Keynesian explanation of the real rate of 
interest completed by the monetary ex- 
planation of inflationary expectations stands 
out as both the best fitting model over the 
1960-74 period and as the most efficient for 
conditional predictions over the 1968-74 
period. It accordingly makes the most ef- 
fective use of available theory and data. Ac- 
cordingly, the real interest rate measured by 
this model ts the best representation of 
Muthian rational expectations among the 
alternatives considered. At the other ex- 
treme, the autoregressive formulation makes 
the least effective use of current data and is 
the poorest representation of expectations 
we have considered. This comparatively 
poor showing raises questions about the 
continued use of the autoregressive model 
in empirical work, when more efficient al- 
ternatives are apparently available. 


VII. Temporal Properties of the Expected 
Real Rate 


My tests suggest that the neo-Keynesian- 
monetary explanation of the real rate leads 
to comparatively accurate and unbiased 
predictions. In the usual case where the co- 
efficients in this model cannot be assumed 
to be stable over an extended time period, 
the measured real rate must be based on the 
postsample predictions of a frequently re- 
estimated model.” This approach is fol- 


19This is the most general approach. If we assume 
the coefficients are entirely stable temporally, we can 
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lowed in estimating the expected real rate of - 
interest over the 1960-74 period. Post- 
sample predictions over 1968-74 were pre- 
viously obtained for the postsample tests ` 
reported upon in Table 2 by annual re- 
estimates of the model. To these, similar 
postsample predictions are obtained in the 
same way and added to complete the 
1960-67 portion of the expected real rate 
series.” 

Table 3 shows some of the properties of 
the completed expected real rate series 
aleng with similar statistics for the ex post 
real rate. As seen, the mean expected real` 
rate over the period is 1.44 percent compared 
to 1.23 percent for the ex post series. As the 
last column in Table 3 indicates, the differ- 
ence is not statistically significant on a t-test. 
Thus, the expected real rate gives unbiased 
estimates of the ex post rate in postsample 
predictions over the 60 quarters 1960-74. 
The variance of the expected real rate series 
is also seen to be significantly less than the 
variance of the ex post series, as an F-ratio 
between the two is significant beyond 1 per- 
cent. This is an anticipated result, since ex- 
pectations are usually thought to ignore the 
unsystematic “blips”? that accompany ex 
post results. 

That the expected real rate reaches a 
minimum value that is negative is a result of 
further interest. If the estimated real rate 
had been derived from a _ long-maturity 
nominal rate, a negative expected rate is 
somewhat unreasonable aside from the pos- 
sibility it arose from measurement error. 
However, for the 90-day nominal rate used 
in this study, Baumol-Tobin type motives 
for portfolio positions in notes vis-a-vis 
cash take precedence over investment mo- 
tives related to the supply of longer term 
investment capital. For the former motives, 
the nominal rate of interest is the relevant 


make ell the predictions from a single set of coefficients 
that may have been estimated over a previous period 
or on an in-sample basis. 

20To complete the 1960-67 portion of the series, the 
neo-Keynesian monetary model was estimated over 
1952.1-1959.4 for past sample predictions of 1960.1- 
1960.4. Then, it was reestimated over 1952,1-1960.4 
for the prediction of 1961.1-1961.4, and so fortk. ° 
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TABLE 3—EXPECTED AND Ex Post REAL RATE 
(Shown in Percent) 


Expected 
Real Rate (p) 
Mean 1.44 
Minimum —0.90 
Maximum 3.49 
Standard deviation 1.05 


—_— 


Average absolute error 
F(ex post vs, expected variance) = 2.12° 


Prediction Error 


Ex Post Expected Ex Post 
Real Rate (px,) (Pi = PX) 
1.23 0.21 
(1.03) 
—3.30 —3.61 
4,24 4.41 
1.53 1.62 
1.28 


4Number in parentheses is the calculated t-statistic for the test of the null hypothe- 


sis that the mean prediction error is zero. 
bSignificant beyond the 1 percent level. 


input since the return on cash is the nega- 
tive of the inflationary rate. 

Accordingly, a nonzero level of equi- 
librium short-term securities holdings in 
lieu of money balances should be expected 
even at negative real rate expectations, so 
long as nominal short-term rates are non- 
zero. Since both of our macroeconomic 
models use the same short-term interest 
rate in both real and monetary sectors, they 
both assume an essentially invariant term 
structure relationship between short and 
long rates. Although we cannot measure 
this relationship in the present study, it is 


quite plausible that the measured spread be- 
tween real short rates and real long rates is 
positive and sufficiently large to enable real 
expected long rates to be uniformly non- 
zero. The observance of negative extremes 
for the expected short rate thus can be con- 
sistent with a uniformly positive expected 
real long rate. 

The Fisherian premise that the expected 
real rate is substantially constant over time 
is not supported by inspection of the esti- 
mate of this rate now obtained. The range 
of over 4 percentage points and standard 
deviation of greater than one percentage 


TABLE 4— EXPECTED REAL RATE RELATIONSHIPS 











Regression GLS 
R F-Value RHO D.W. 
(A) py = 0111 +.1802,¢ 10 6.218 85 1.77 
(2.57) (2.49) 
(B) p, = .0131 — .0001 Y,, Ol 0,00 87 1.70 
(0.51) (0.04) 
(C) p; = .0199 ~ 1801ax,_ 17 11.696 85 1.65 ~ 
(4.32) (3.42) 
(D) pi — pi = 0240 — 581i rx] 25 19,556 92 1.99 
(1.37) (4.42) . 
(E) py — pe = —.0037 + .6154Y,, 18 13.076 .66 2.19% 


(0.80) (3.61) 





Note: All equations are estimated with generalized least squares (GLS) with a first-order 
autoregressive structure due to high autocorrelation. Numbers in parentheses are computed 


t-values. Symbols are as defined in the text. 


aSignificant at the 5 percent level for (1,58) d.f. 
dSignificant at the 1 percent level for (1,58) d.f. 
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point given in Table 3 indicate substantial 
temporal variability. 

A further prima facie analysis of the ex- 
pected real rate can be obtained by examin- 
ing covariant patterns between p, and 
measures of real output and current infla- 
tion. Results of this analysis are given in 
Table 4. In equations (A) and (B), p, is re- 
gressed on both the rate of real output 
change and real output levels. A weak re- 
lationship with the rate of real output change 
and no relationship with output level is ob- 
served. From this, a dominant business 
cycle influence upon the expected real rate 
is not apparent in the estimated series. Ex- 
pected real. rates appear to be substantially 
independent of current real output levels. 

In Table 4 (C), some relationship appears 
to exist between the temporal pattern of the 
real rate and the current actual rate of in- 
flation, rx,_,.7' The negative and statistically 
significant nature of this relationship sug- 
gests that expected real rates are syste- 
; matically lowered when the most current 
realized rate of inflation is increasing, pre- 
sumably because the same real market and 
monetary factors impacting upon the cur- 
rent ex post inflationary rate are also im- 
pacting upon expectations about future in- 
flationary rates and thus upon current 
expected real returns. 

In Table 4(D) and (E), the prediction 
error in the real rate is regressed on both 
ex post inflation rates, and rates of change 


in real output. In both cases, a statistically. 


significant covariance is found. In case of 
(D), increases in realized inflation rates tend 
to associate with smaller real rate prediction 
errors and vice versa. In the case of (E), the 
rate of real output change tends to directly 
associate with real rate prediction errors. 
Both these somewhat peculiar patterns 
could profitably be the subject of further 
future analysis. 


2! Note that the value of x in period t is the realized 
inflationary rate over the period t tot + 1. Thus x,_, 
is the realized inflationary rate from t — | tot. 
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APPENDIX A 


Data Measurement and Definitions 
(All Quarterly} 


All symbols are as used in the text. Vari- 
ables defined in the text by identity are not 
repeated here. Unobservable variables are 
also not included. 


r, = composite short-term rate, equal to the 
arithmetic average of the 90-day Treasury 
Bill rate, the rate on 90-day bankers ac- 
ceptances, and the short-term commercial 
paper rate. Source: Federal Reserve. 

p, = log of the consumer price index. 
Source: U.S. Bureau of Labor Statistics 
(BLS). 

y, = log of the constant dollar GNP. Source: 
U.S. Office of Business Economics. 

d, = log of capacity real output level. 
source: NBER Economic Indicators. 

GX, = log of the sum of total federal and 
state and local spending plus net exports, 
measured in constant dollars. Source: 
U.S. Office of Business Economics. 

m, = log of money supply — M1 definition. 
Source: Federal Reserve. 

GXB, = total constant dollar net borrow- 
ing from the public. 

RD. = ratio of total reserves to required re- 
serves in the banking system. Source: 
Federal Reserve. 

G, = total government spending in con- 
stant dollars. Source: U.S. Office of Busi- 
ness Economics. 

Y,, = constant dollar GNP. Source: U.S. 
Office of Business Economics. 

MS, = money supply (M1) in constant dol- 
lars. Source: Federal Reserve. 

W, = log of average hourly wage in private 
sector. Source: BLS. 

P, = consumer price index. Source: BLS. 

px, = ex post real interest rate, equal to r, 
minus the rate of inflation from t to 
t + 1. Source: Federal Reserve for r, and 
BLS for price levels. . 
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APPENDIX B 
Prediction Results 


Ex Post 
Real Neo-Keynesian 
Rate Wages 

1968.1 1.46 0.88 0.94 
2 1.03 0.55 0.66 
3 0.54 0.49 0.62 
A 0.78 0.46 0.61 
1969.1 0.10 0.71 0.80 
a 1.55 0.78 0.83 
a 2.05 0.80 0.78 
4 ' 1.63 0.81 0.69 
1970.1 2.19 1.26 0.80 
2 3.27 1.12 0.66 
“a 1.57 0.82 0.43 
A 2.37 0.93 0.39 
1971.1 0.22 1.47 1.53 
2 0.90 1.50 1.60 
3 3.02 1,40 1.56 
4 1.04 1.58 1.66 
1972.1 1.10 1.50 1.83 
2 0.74 1.49 2.01 
3 0.81 1.72 2.25 
4 — 0.93 1.81 2.44 
1973.1 — 2.26 1.04 1.01 
2 —1,51 1.34 1.06 
3 —0.13 1.72 1.10 
4 — 3.30 2.02 1.12 

1974.1 —2.79 1.46 

2 — 2.21 1.77 

3 — 1.37 2.10 
4 0.75 2.48 — 0.22 
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The Deterrent Effect of Capital Punishment: 
Another View 


By PETER PASSELL AND JOHN B. TAYLOR* 


In a recent paper in this Review, Isaac 
Ehrlich found a negative relationship be- 
tween the use of the death penalty and 
homicide rates, over the three and a half 
decades from 1935-69 in the United States. 
This empirical finding, in apparent conflict 
with previous studies on the subject (see 
Thorsten Sellin, Robert Dann), takes on 
special meaning because (a) it is the first test 
of the capital punishment deterrence hy- 
pothesis to use econometric estimation tech- 
niques, and (b) its publication comes at a 
time when legislatures and the courts in 
both the United States and Canada are re- 
shaping public policy on the use of the 
death penalty. Hence the importance of a 
second look at Ehrlich’s results. 

Such a reexamination, described below, 
suggests that the time-series model and data 
used by Ehrlich permit no inference about 
the deterrent effect of capital punishment 
on homicide. The data indicate that the 
parameters of Ehrlich’s model are extremely 
sensitive to the choices of included ex- 
planatory variables and the functional form 
of the model; when recast in equally plaus- 
ible alternative structures, the Ehrlich 
model fails to generate a deterrent effect for 
executions. Moreover, Ehrlich’s methodo- 
logical approach to the question, estimation 
of a single structural equation relating exe- 
cutions to murders, sharply limits the policy 
implications of the estimated coefficients. 

Section I briefly describes Ehrlich’s mur- 
der rate function and tests the model for 
parameter stability over the sample period. 


*Columbia University. An early version of this pa- 
per was written before the Ehrlich appendix appeared; 
it uses an alternative data set, available on request 
from the authors. This paper was listed as a Columbia 
Workshop discussion paper; it was published in a 
modified and less technical version in 1976. The con- 


b_ clusion and findings are similar despite the different 


data set. We would like to thank Phoebus J. Dhrymes 
and David Kennett for their comments and assistance. 
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Section II considers his choice of explan- 
atory variables and functional forms, and 
examines sensitivity of his estimate to these 
choices. Section HI examines the pitfalls of 


inferring an execution-murder tradeoff from. 


a single estimated equation. 


I 


A representative sample of the empirical 
results reported by Ehrlich in support of the 
deterrence effect of capital punishment is 
his equation (1), Table 4, which is displayed 
as our equation (1) in Table 1. The loga- 
rithm of the U.S. annual murder rate 
(Q/N)° is explained by the logarithm of 
three deterrence variables (the clearance 
rate for murder P}, the conviction rate for 
murder P?,,, and the ratio of current execu- 
tions to one-year lagged murder convictions 
(PXQ,)_,), as well as by the logarithm of 
five other explanatory variables (the labor 
force participation rate L, the fraction of 
the population between 14 and 24 years of 
age A, an estimate of permanent real per 
capita income Y,, the unemployment rate 
U, and an exponential time trend e'). The 
equation is estimated by a two-stage pro- 
cedure in which P? and P,, are treated as 
endogenous variables, and are first re- 
gressed on current and lagged values of the 
predetermined variables, lagged values of all 
the endogenous variables, and a group of 
otherwise excluded exogenous variables 
(real police expenditure per capita XPOL, 
real government expenditure per capita 
XGOY, and the fraction of nonwhites in the 
population NW), In the second stage an 
iterative procedure is used to estimate the 
first-order serial correlation coefficient 
along with the coefficients of the endog- 
enous and predetermined variables. 

Ehrlich presents several versions of this 
same model (Tables 3 and 4, p. 410), among 
which the major differences are the use of 
alternatives to (PXQ,)_,; as empirical sur- 


o 
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TABLE | ~ 
Equation Constant P? Pog (PXO L A Yp U T Pe, Co 
(1) 1935-69 -4.060  —1.247 -0.345 0.066 —i.3i4 0.450 1.318 0.068 -0.046 
SSR =.048 (-1.00) (—1.56) (-3.07) (3.33) (-1.49) (2.20) (4.81) (2.60) (~6.54) 
f= 059 
(2) 1935-69 —5.536  —0.973 -0.375 0.062 —1.620 0.565 1,363 0.065 0.046 
SSR= 049 {(-140) (~1.26) (-3.10) (-3.01) (-1.87) 2.33) (4.52) (2.34) {(- 5.86) 
p= .204 ; 
(3) 1935-62 —7.219 0.124 0.236 --0.008 -2.489 0.307 0,795 0.025 ~-0,029 
s: 019 (-2.67) (-0.23) (3.04) (0.21) (-3.71) £1.65) BA) (1,16) (--4.09) 
= 048 
(4) 1935-69 —6.67 —0.491 -0410 > 0.055 ~2.081 0.545 1.145 0.039 . ~+0.033 -0.112 
Si 045 {—1.89) _ (-0,69) (-3.41) (1.03) {-2.60) i200) (3.02) (1.26) (-2.98) (2.00) 
= 524 
(5) 1935-69 ~5,572 ~0,698 0,303 -0.020 -1.803 0.595 1.133 0.054 -0.036 -0.069 -0.113 
SSR = 036 (—1.70) (—1.06) (-3.0!) (~0.41) (-2.27) £2.93) (4.38) (2.21) (~4.26)  (—1.36) (2.48) 
p = 13 r t 4 
(6) 1935-69 -3.48 —1.138 0.179 —0.016 -2.321 0.832 1,097 0,014 0.0262 
D 030 {-121) {(-235) (—1.66) (-0.94) {-3.81) (4.91) (3.11) (-0.56). (~2.58) 
= 745 
7) 1935-69 —4,698 0.898 -0.425 0.018 —2.009 0.910 1.223 0.041 —0.028 
SSR = 860 (-1.10) (-1.21) (-2.95) (0.73) (-229 (3.18) (2.41) (1.15) (~1.91) 
. p= 664 ` 
(8) 1935-69 0.178 -0.00040 -0.00054 -0,00106 -0.264 3.202 0.00012 0.00040 ~0.0034 
-  SSR=.80015 {3.25} ({—0.88) ( ~3.10) {— 1.26) (-3.15) (3.60) (597) (1.92) {-6.01) 
ĝ=.214 
(9) 1938-69 0.188 -0.00077 -0.00075 9.0021 —0.200 9.191 0.000091 0.000383  -0.0023 
SSR = 00014 (2.79) (—1.38) (—=2.85) (1.19) (-2.20) (282) (3.22) (1.41) (2.80) 
p= 216 
Note: it = Clearance rate for murder. 


= conviction rate for murder. 
Px” : = ratio of current executions to one-year lagged murder convictions. 
L = labor force participation rate. 
A = fraction of population between 14 and 24 (in equation (6) between 18 and 24 years old), 
` Y, = permanent income per capita. 
i U = unemployment rate. 
T = time trend. 
P63 = zero from 1938-62; (PX¥Q,)_, from 1963-69, 
C3 = zero from 1938-62, | from 1963-69. 
SSR = sum of squared residuals. 
p = estimate of first-order serial correlation coefficient. 


rogates for Pese, the subjective conditional programs.! While these differences could be — 


probability of execution given conviction. 
Neither prior judgement nor the estimated 
coefficients provide much basis for choosing 
among variant equations. We chose to con- 
centrate on equation (1) because it is the 
most common form in Ehrlich’s tables and 
because it permits convenient comparisons 
with the tradeoffs computed by Ehrlich. 
Equation (2), Table 1, shows our attempt 
to replicate equation (1), based on Ehrlich’s 
(1975b). description of the data sources 
used. Note that the replication is not pre- 
cise, though the differences are quantita- 
tively small. The source of the differences 
probably lies either in minor data collection 
errors or in the use of different computer 


reconciled were we to use the same numbers 
and programs as Ehrlich, we feel that the 
data behind equation (2) are adequate to 
examine the validity of Ehrlich’s conclu- 
sions.” 

Behind the use of time-series estimation is 
the assumption that.the structure and the 
coefficients to be estimated remain stable 


_ over the sample period. In Ehrlich’s case it 


i We used the instruction TSCORC of version 2.7 of 
TSP (Time-Series Processor). 

2This opinion is based on the fact that our examina- 
tion focuses on factors which dominate the minor dif- 
ferences between equations (1) and (2) such as the » 
murder rate increase in the 1960’s and the logarithmic 
transformation of the execution rate. 
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is assumed that the behavior of potential 
murderers is governed by the same variables 
with the same coefficients over the period 
1935-69. If this assumption is in fact not 
correct, the estimated function would have 
little use either as an explanation of the 
causes of murder or of the policy implica- 
tions of changing the value of an exogenous 
variable in the structure. > 

The assumption can be tested.’ Consider 
for example the hypothesis that the murder 
rate function estimated in equation (2) has 
the same structure from 1935-62 as from 
1963-69. Equation (3) with the time-series 
truncated at 1962 was estimated to test this 
hypothesis. The F-ratio, computed from the 
sums of squared residuals in equations (2) 
and (3) is 6.00, significant even at the 99 
percent level. Thus, the hypothesis of struc- 
tural homogeneity must be rejected. Fur- 
ther, there is nothing special about the shift 
point chosen for this test. Similar tests were 
computed‘ for the four possible structural 
shift points from 1961-64; the F-ratio indi- 
cates a significant shift for each of these 


. periods. It is clear therefore that Ehrlich’s 


equation has been estimated over different 
regimes, a fact which casts considerable 
doubt on the validity of his estimates. 

Since our primary interest is in the deter- 
rent effect of capital punishment, it is im- 
portant to note that the coefficient of 
(PXQ,)_,is very different in equations (2) 
and (3), turning from -0.062 and signifi- 
cant to —0.008 and insignificant when the 
sample period is changed. The F-test for the 
entire equation does not, however, exclude 
the possibility that changes other than 
changes in the coefficient of (PX¥Q,)_, have 
generated the statistical significance. 

Equations (4) and (5) provide a test of the 
hypothesis that the coefficient of (PXQ),)_, 
is the same over two sample periods under 
two different sets of assumptions. In equa- 


3All tests of significance in this paper and in Ehr- 
lich’s are based on asymptotic distribution assump- 
tions. Thus what are conventionally called f-ratio or 
F-ratios in the classical linear regression modei will 
only approximately have the appropriate ¢ or F distri- 


K bution in these models. 


~ 4These values are 5.92, 7.07, and 7.36 for the sam- 


( 


ples ending in 1961, 1963, and 1964, respectively. 
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tion (4) we add a variable, Pa, equal to zero 
in the years 1938-62 and to ( PX¥Q,)_, in the 
years 1963-69. The f-ratio of this variable 
gives a test of this homogeneity hypothesis, 
given that all other coefficients are the same 
over the two periods. The value of the sta- 
tistic indicates rejection of the hypothesis at 
the 90 percent level. In equation (5) we add 
another variable, Cez, equal to 0 from 1938- 
62 and to | from 1963-69. The ¢-ratio of Pg 
in this equation gives a test of the hypothe- 
sis of homogeneity of the coefficient of 
(PXQ,)_,, given that all variables except 
the intercept are stable over the two peri- 
ods. The value of this statistic also suggests 
rejection of homogeneity. 


H 


Statistical tests for temporal homogeneity 
in Section I strongly suggest that the cceffi- 
cients of relevant variables do not remain 
the same over the 1935-69 period; inclusion 
of the last few years is vital if one is to infer 
some deterrent effect for the conditional 
probability of execution. One casual ex- 
planation of this regression result is quite 
simple. During the 1963-69 period the loga- 
rithm of (PXQ,)_, falls sharply and mono- 
tonically (from ~—0.65 to —3.91, the latter, 
2.3 standard deviations below the sample 
mean) while the logarithm of Q/N increases 
from its lowest sample value —3.08, to 
—2.62, the highest sample value. (See Fig- 
ure I.) It is possible, of course, that the rise 
in murder rates is causally linked to the fall 


tegiQ/N} logi PAQ: 


a log IPAQ). 
jog G/N} 
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EXECUTION RATES AND MURDER RATES, 
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in execution rates, as Ehrlich’s theory 
would predict. However the regressions are 
not in themselves evidence for the existence 
of such a relationship. 

For many observers, alternative explana- 
tions of the murder explosion of the 1960’s 
are, a priori, more convincing. As large as 
increases in murder rates were, the growth 
rates of other crimes were greater. From 
1963 to 1969, per capita reported murders 
increased 60 percent, robberies by 178 per- 
cent, auto theft by 104 percent (see UCR, 
Table 1). Yet few social scientists would 
choose to connect the increase in auto thefts 
to the fall in execution rates for murder. 
Possible nonexclusive explanations for mur- 
der rate increases include reduction in the 
opportunity cost of possessing deadly wea- 
pons, racial tension, increases in the dif- 
feretice between economic expectations and 
opportunities for poor people, reductions in 
the length of prison sentences. Some of 
these variables are not easily quantifiable 
(racial tension, economic frustration, real 
cost of weapons). Nonetheless their omis- 
sion from multivariate models of murder 
rates may so seriously bias the estimated 
coefficients of included variables that the 
least squares exercise becomes meaningless. 
One variable, the expected length of prison 
sentences given conviction, is not available 
annually, but is obtainable by state for cer- 
tain years. It is striking that when the aver- 
age length of sentences served is included in 
1950 and 1960 cross-section regressions, 
executions lose all explanatory power.’ 

The sensitivity of the estimated coefficient 
of (PXQ,)_, to the choice of included vari- 
ables is notable even for seemingly minor 
modifications. Ehrlich includes A, the frac- 
tion of residential population ages 14-24, to 
control for shifts in the size of the murder- 
prone population. Demographic statistics 
for this age group are easily found in stan- 
dard reference sources, but the specific 
choice of the 14-24 year old age group 
meets no clear theoretical objective. One 
might plausibly argue on a priori grounds 
that this age group is unnecessarily broad, 
young teenagers not being more murder- 


5See Passell, Tables 1 and 2. 
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prone than adults older than 24. Note how- 
ever that when a narrower target group 
variable A*, the fraction of the residential 
population ages 18-24, excluding armed 
farces overseas, is substituted for A in 
Ehrlich’s basic equation, the regression re- 
sults are qualitatively changed. Equation 
(6) shows the estimated coefficient of 
(PXQ,)_,; reduced in absolute value and 
statistically not significantly different from 
Zero. 

We do not claim that the major cause of 
the increase in murders in the 1960’s Was 
age group shifts due to the baby boom. This 
demographic variable may simply be cor- 
related with important omitted variables. 
What does seem clear, though, is that the 
data and model employed by Ehrlich do not 
permit discrimination among numerous 
plausible explanations of increased murder 
rates. 

Further evidence of sensitivity comes 
from examining the mathematical transfor- 
mations of the variables in Ehrlich’s model. 
Theory suggests that an econometric struc- 
ture should be specified in the mathematical 
form which conforms most closely to be- 
havioral expectations. In practice, forms are 
usually chosen which are linear in the 
parameters to make it easier to interpret the 
statistical properties of the estimators. And 
commonly, the logarithmic transformation 
is chosen to facilitate interpretation of the 
linear parameter estimates as partial elas- 
ticities. In this latter case, the procedure is 
often justified ex ante on theoretical grounds 
and sometimes ex post on statistical 
grounds. But when the theoretical justifica- 
tion is weak, the results of the estimation 
are thrown into doubt if they are sensitive 
to the particular transformation chosen. 

In the case of Ehrlich’s choice of the 
logarithmic transformation, the theoretical 
justification is not convincing. While the 
elasticity of murder rates with respect to the 


6Our source for total residential population is the 
same as Ehrlich’s. The source for the numerator of the 
fraction was U.S. Bureau of the Census, #114, Table | 
(1933-40), #98, Table 1 (1941-49), #441, 4438, Table 4 
(1950-69). It was assumed that one-half of all U.S. 
citizens abroad are 18-24, in order to calculate the re” 
maining resident population for the years 1950-69. 
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FIGURE 2. EXECUTION RATES, 1935-69; BEFORE 
AND AFTER Log TRANSFORMATION 


conditional probability of execution might 
be approximately constant over some range 
of the variables, we see no reason why this 
constant elasticity should hold over the very 
large range in the observed time-series. 
However, Ehrlich’s finding of significant de- 
terrence effect using 1960’s data does ap- 
pear to be sensitive to the choice of this 
~ transformation. Equation (7) is identical to 
equation (2) with one exception: the data 
for the conditional probability of execution 
are employed without transformation to 
natural /ogs. Note that the coefficient of the 
execution variables turns positive and sta- 
tistically insignificant. The intuitive reason 
for this sensitivity is suggested by the wide 
difference between the transformed and the 
untransformed series in Figure 2. Equation 
(8) uses data for all the variables in untrans- 
formed state; the coefficient of execution 
- here is negative, but the t-statistic indicates 
that it is not significantly different from 
zero.’ 

Given the apparent sensitivity of the 
model to these transformations, one might 
be tempted to use statistical criteria to help 
one choose the correct transformation. But 
even if these criteria clearly suggested the 


7Sensitivity to functional form is even more deline- 
ated when equation (8) is reestimated without the 
partially extrapolated deterrence data needed to in- 
clude the vears 1935-37. When equation (8) is esti- 
« mated from 1938-69 the coefficient for (PXQ,)_, is 
positive (.0021) and statistically insignificant with a 
> T-value of 1.19 (see equation (9)). 
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choice of a particular transformation, one 
would still question estimation results 
which were extremely sensitive to this 
choice in light of the lack of a strong theo- 
retical justification.’ 


iil 


In this section we abstract from the criti- 
cism of Sections Į and II to examine another 
aspect of the analysis. If one were to accept 
Ehrlich’s estimated structure, would it be 
reasonable to infer a murder-execution 
tradeoff from the negative coefficient of 
Poet 

Ehrlich argues that this coefficient (&) 
should be interpreted as an estimate of the 
partial elasticity of murder rates with re- 
spect to the risk of execution. Thus he is 
able to derive the estimated marginal trade- 
off between executions and murders: 
AQ/AE = a3(Q/E). If one assumes &, = 
—.065 and QO and E equal to the time-series 
mean values, AQ/AE = -—7.7. For Q = 
10,920 and E — 41, AQ/AE = —17.,3. 

It is important to note, however, that be- 
hind this interpretation of @ lies an im- 
portant assumption. The coefficient repre- 
sents the murder-execution tradeoff only if 
it is possible to alter PXQ, without chang- 
ing the value of any other independent vari- 
able in the equation.’ Yet social scientists 
(including Ehrlich) interested in economic 
models of crime typically acknowledge the 
simultaneity of the system—hence the logic 


8One statistical procedure for choosing a transfor- 
mation has been suggested by G. Box and D. Cox, 
where the choice is reduced to finding a single param- 
eter a in the transformation x, = (xř — 1)/a, of all the 
variables in the model. As part of our sensitivity analy- 
sis we computed the correlation between the actual 
murder rates (untransformed) and the predicted mur- 
der rates (untransformed) as given by an equation 
fitted to the Box and Cox transformed variables for 
100 values of æ between 0 and 1. The highest correla- 
tion was at .19 which gave a negative and significant 
coefficient for the execution variable. However, since 
the model is not stable over the sample period these 
estimates provide little insight into the problem. 

9This mayenot even be possible if cne algebraically 
interprets the deterrent variables as ratios. If one for- 
mally differentiates murder rates with respect to execu- 
tions in Ehrlich’s equation (where Q appears in the 
denominator of the arrest rate) one finds dO/@E > 0. 
For further interpretation of this resul: see the authors. 
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of calling criminal behavior functions sup- 
ply functions. For the purposes of estima- 
tion, Ehrlich explicitly argues that the prob- 
ability of arrest and conditional probability 
of conviction are endogenously determined. 
Thus one must at the very least account for 
possible adjustment in these two variables 
before computing the policy implications of 
changing the probability of execution. 

Traditional methodology offers two al- 
ternatives for generating an estimate of the 
tradeoff. One might estimate the rest of the 
structural equations in the simultaneous 
system, or one could estimate the reduced 
form equation for murder rates. The first 
alternative is beyond the empirical scope of 
Ehrlich’s paper; no attempt is made to 
specify the other equation in the system. 
Ehrlich acknowledges the relevance of the 
second alternative and does produce nega- 
tive and statistically significant estimates of 
the reduced form coefficients of the execu- 
_ tion variable for certain specifications of 
Paje over the period 1934-69. However our 
confidence in the value of these estimates is 
limited (a) by the possible sensitivity to 
functional form and time period of the esti- 
mates, and (b) by the untested assumption 
that the “modified reduced form” chosen 
by Ehrlich is not biased by omitted vari- 
ables. 

While it may not be possible to calculate 
the reduced form murder-execution trade- 
off, it is interesting to note the potential 
sensitivity of the sign of that tradeoff to the 
elasticity of Paja with respect to Pejse- Many 
legal experts and social scientists believe 
that increases in Peje will reduce Peja, since 
juries and judges will apply stricter stan- 
dards for convictions when there is a greater 
prospect of execution.'? This widely ac- 
cepted hypothesis was used successfully as 
an argument by nineteenth and twentieth 
century legal reform movement leaders bent 
on abolishing whole categories of capital 
crimes and granting juries greater discretion 
in penalties imposed.'!! By Ehrlich’s esti- 


See for example, Neil Vidmar; Hugo Bedau; James 
Bennett; Harry Kalven and Hans Zeisel; Zeisel; 
Robert Knowlton. 

liSee, for example, 
< McCloskey. 


Maynard Shipley; John 
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mated equation (3) in Table 3, if the abso- 
lute value of the elasticity of Peja with re- 
spect to Pejes €e, were greater than .174, the 
net impact of an increase in axecution 
probabilities would, perversely, raise mur- 
der rates. More generally, the impact will 
be perverse if | ee | > a3/ay. 


IV. Conclusion 


This examination of Ehrlich’s estimates 
has limited focus. One might wish to ex- 
amine further the theoretical basis for in- 
cluding or excluding variables in the model, 
the consistency between the data and al- 
ternative hypothetical models, the quality 
of the data (particularly for the deterrence 
variables P?, Peja, Pe.) used in the test, and 
the aggregation problems imposed by the 
use of national data. 

We have essentially confined ourselves to 
a narrower analysis. First, we have shown 
that Ehrlich’s model does not satisfy the 
statistical requirement of temporal homo- 
geneity and that the results are sensitive to 
specification of the variables and trans- 
formation of the data. This sensitivity 
raises grave (and in our own opinion, over- 
whelming) doubt about the utility of Ehr- 
lich’s time-series estimates as partial elas- 
ticities. Second, we have argued that even if 
Ehrlich has captured the essence of the mur- 
der rate function in his regression, it is not 
possible to infer from it that a change in 
legal institutions which increased P,., would 
reduce murder rates. In sum, on the basis of 
Ehrlich’s research, it is prudent neither to 
accept nor reject the hypothesis that capital 
punishment deters murder. 
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The Deterrent Effect of Capital Punishment: Reply 


By Isaac EHRLICH* 


Despite its title, the comment by Peter 
Passell and John Taylor does not offer an 
alternative theory of criminal behavior or 
any coherent approach that can explain the 
data they have examined. Moreover, Passell 
and Taylor (hereafter called P-T) neither 
challenge the theory nor the statistical 
methodology I used in my (1975a) paper on 
the deterrent effect of capital punishment. 
Indeed, their work is not entirely novel 
since it duplicates in large measure an 
earlier published study by W. J. Bowers 
and G. L. Pierce, to which I have already 
responded elsewhere (1975b). Their main 
point lies in emphasizing some apparently 
negative results that they obtain upon 
shortening the sample period and altering 
the regression format. As I hope to show, 
however, Passell and Taylor have not 
adequately analyzed the data and their 
negative findings, and some of the infer- 
ences they draw are based on test statistics 
whose properties are not known. That they 
do not duplicate the results I reported in my 
(1975a) study with sufficient accuracy is 
bothersome in the context of their subse- 
quent regression analysis, especially since 
‘others have reproduced my basic results 
to rounding errors.! Finally, Section III of 
their comment in which they argue for 
policy implications against reimposition of 
the death penalty on grounds of an auto- 
matic negative association between execu- 
tion and conviction risks amounts only to 
speculation. In Sections I-III of this 
reply I shall address the technical aspects 
of their critique and their discussion of 
policy implications. In Section IV I shall 
report some additional findings concerning 
the issue of deterrence based upon indepen- 


*University of Chicago and National Bureau of 
Economic Research. I would like to thank Ronald 
Gallant, Lawrence Fisher, Randall Mark, and William 
Wecker for useful suggestions and assistance. 

iSee Brian Forst, Victor Filatov, and Lawrence 
Klein. 


452 


dent bodies of data and briefly indicate 
their relation to the results obtained 
through the time-series analysis. 


I 


The apparent sensitivity of some of the 
regression coefficients to deletions of obser- 
vations relating to both the 1960’s and the 
late 1930’s has already been discussed in 
my own work (1973, n.28 and 1975b, part 
3), But while Passell and Taylor have fo- 
cused their attention on those subperiods 
in which specific regression results are rela- 
tively weak, they have not proceeded to 
analyze some of the inherent limitations of 


_the data which account for these results. 


In the first place, their main test of stabil- 
ity of the regression coefficients across the 
subperiods 1935-62 and 1963-69 is not de- 
fended. The reader may note that the esti- 
mation method I used, and which Passell 
and Taylor adopt, is the three-round non- 
linear estimation procedure proposed by 
Ray C. Fair. To my knowledge, the 
straightforward application of Chow’s test 
by P-T to test the hypothesis of equality of 
regression coefficients? has not been estab- 
lished as a valid test procedure in the con- 
text of this non-linear simultaneous equa- 
tion procedure. Thus, the properties of their 
test statistic are not known. 

Second, the introduction of a dummy 
variable distinguishing the 1953-69 sub- 
period from the earlier period—the one 
dummy variable which appears to: have a 
pronounced effect in their analysis—does 
not have an unambiguous effect on the co- 
efficients associated with alternative risk 
measures. I have found, for example, that 
when a reduced form estimate of the condi- 
tional execution risk— PXQ, in equation (6) 


2The reader may note that P-T apply the specific 
variant of Chow’s test for the case where the number 
of degrees of freedom is inadequate for the regular, 
test. They cannot estimate the regression parameters 
separately for the period 1963~69, 
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- of Table 3 in my (1975a) paper—is used as a 


_ 


regressor, the introduction of that dummy 
variable (De) far from weakening the ef- 
fect of PXO, actually makes it stronger.’ 
What Passell and Taylor fail to note in 
their analysis are some important differ- 
ences between subperiods ending in the 
early 1960’s and the full observation set that 
can explain the apparent changes in coeffi- 
cients associated with a few of the explana- 
tory variables. Whereas the modified rates 
of change in the execution risk measures 
have been stable over the two decades pre- 
ceding the 1960’s, the objective risk of exe- 
cution declined quite sharply starting about 
1960. Variability in deterrence variables 
used as regressors is particularly small be- 
tween the late 1930’s and the early 1960’s.* 
In addition, key variables in the analysis— 
the murder rate and the conditional risk of 
execution measures—are highly trended with 
time over subperiods ending in the early 
1960’s but much less so over the entire 
sample period.’ Regressions based on sam- 
ples ending in the early 1960’s thus are un- 
likely to produce efficient estimates of the 


3The following estimated regression equation relates 
to the effective sample period 1935-69, All variables 
are defined in my (1975a) paper. 8/.S% are in parenthe- 
ses. 


Ing? = —5.191 — 1.087A* P8a — 0.392A* P®c |a 
(— 1.30) (~1.50) (—3.36) 
0.155 A*PYO, — 2.016A*L + 0.343A*A 


(—4,35) (-1.93) (1.29) 
+ 1.344A* Y, + 0.0524A* U — 0.053A* T — 0.256 D6369 
(4.83) (1.84)  (=6.00)  (=3.71) 
f= —0.26; ê, = 0.054; D.W. = 2.17 


4For example, the variance of the modified rates of 
change of PXQ; , calculated for the value of p = 0.077 


for the period 1935-69 (2.331) is more than 10 times 
higher than the corresponding variance associated with 
this variable over the period 1938-62 (.192). At the 
same time the variances in corresponding values of the 
rates of change in Pa and P®c|a fall from .000899 
to .000563 and from 0.0199 to 0.00432, respectively. 
5For example, the zero-order correlation coefficients 
between these modified rates of change in g® and 
PXQ;_, on the one hand, and the time trend variable 


on the other, are found to be —.92 and —.92 over the 


~ subperiod 1938-62. The corresponding correlations 


over the full sample period 1935-69 are —.52 and 
—~ .86, respectively. 
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distinct partial association between the mur- 
der rate and execution risk. 

As implied by the earlier discussion, how- 
ever, it is not clear that the observed 
changes in regression estimates across a few 
subperiods are statistically meaningful. One 
factor that may contribute to some differ- 
ence in the magnitude of residuals is that 
measures of execution risk in 1968 and 1969 
are imprecise (see my 1975a paper, Ta- 
ble 2, note b). Indeed, estimates of the nega- 
tive effect of execution risk based on regres- 
sions with 1967 and 1966 as ending dates, 
although virtually identical to results for the 
full period, are found to be associated with 
smaller standard errors. Another such fac- 
tor is that data concerning national mur- 
der statistics in earlier periods were reesti- 
mated by the FBI on the basis of the more 
complete censuses conducted in the 1960’s. ` 
In addition, the variable XYPOL (real per 
capita expenditure on police) is measured 
for fiscal years since 1961, whereas in the 
previous years it is defined fer calendar 
years. 

But quite apart from the question of the 
validity of P-T’s tests the relevant question 
is: Given the regressions based upon the full 
sample and all the various regressions ob> 
tained after deletions of specific subperiods, 
do the results lean in favor of the deterrence 
hypothesis or do they support the “‘alterna- 
tive view” of P-T? I believe the answer is 
decisively in favor of the former proposi- 
tion. The results I reported are consistent 
with sharp predictions concerning the signs 
as well as the relative ranking of deterrence 
and other variables. Moreover, the standard 
errors of the coefficients estimated from the 
subperiods with earlier ending dates—even 
those reported by Passell and Taylor—are 


6Compare the equation below, for the effective 
sample period 1935-67, with equation (3) in Table 3 of 
my (1975a) paper. 
inq? = —5.084 — 0.853A* P°a — 0.295A* P°c | a 
(—1.73) (~1.48) (—3.35) 
—0,0062A*PXQ,_, ~ 1.764A*L + 0.334A*A 
(3.73) (~ 2.34) (2.01) 


+ 1.105A* Y, + 0.051 A* U — 0,041 A* T 
(4.52) (2.21) (-6.47) 


p= 0.023; &, = 0.039; D.W. = 1.88 
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considerably larger than the corresponding 
estimates based on the full observation set 
with 1969 or 1967 as ending dates.’ The sub- 
period estimation involves loss of precious 
degrees of freedom already in short supply. 
With a sufficiently small number of degrees 
of freedom one is not likely to reject any 
particular hypothesis. 


Il 


As I argued in my article (1975b, pp. 
218-19), and explained further in my sub- 
sequent paper (1977) on capital punishment 
and deterrence, there are both theoretical 
and statistical reasons for preferring a log- 
linear specification to a linear format in the 
variables’ natural values. Passel! and Tay- 
lor’s ‘analysis in this regard is inadequate. 
` But the relative superiority of these two 
forms can be tested systematically via the 
Box and Cox procedure referred to in 
my (1975b) piece. Curiously, P-T did at- 
tempt to pursue this approach in their 
present paper and their application of the 
Box and Cox procedure, if valid, indicates 
that the optimal transformation they select 
is much closer to the logarithmic specifica- 
tion (A = 0, where A denotes the coefficient 
of transformation) than to the linear specifi- 
cation (A = 1). Moreover, their sketchy re- 
port in footnote 8 of their paper also 
. Indicates that at their selected optimal 

transformation the execution risk variable 
has a negative and “‘significant’’ effect. 
Their attempt to dismiss these results “since 
the model is [anyway] not stable over the 
sample period” is surprising in view of the 
importance they attribute to their experi- 
ments with the simple linear specification 
where they do not question their results on 
grounds of instability. More important, as 
my preceding analysis shows, they have not 
‘established the existence of instability. 

The application of Box and Cox’s analy- 
sis of transformations in the context of the 
estimation procedure used in my time-series 


7For example, I have estimated the standard error 
of the regression coefficient associated with PXQ, in 
the subperiod 1935-63 to be 0.041 as against 0.019 in 
the subperiod 1935-69 and 0.016 in the subperiod 
1935-67. 
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analysis is not straightforward. I have at- 
tempted to shed light on the issue of opti- 
mal transformations via independent cross- 
sectional regression analyses where data 
exigencies have dictated employment of 
classical least squares techniques. The re- 
sults are decisive. With no exception, the 
tests conducted on the basis of data from 
1940 and 1950 show that under the assump- 
tions of the regression model the simple 
linear form must be rejected as an optimal 
transformation within alternative single pa- 
rameter classes of “power transformations.” 
In contrast, in all of the tests performed, the 
logarithmic specification cannot be rejected 
as an optimal transformation at conven- 
tional significance levels (see the author, 
1977). The results of the statistical tests thus 
lend support to the emphasis I have placed 
or the log-linear specification in both my 
time-series analysis of murder and my pre- 
vious research (1974). 

But although the simple linear specifica- 
tien is found to be an inferior format, the 
qualitative deterrent effects of apprehen- 
sion, conviction, and execution risks have 
been observed in my time-series analysis 
even upon the use of this specification. The 
results have already been illustrated in my 
article (1975b, p. 219). I might add that the 
ranking of the elasticities of the three deter- 
rence variables that are inferred from those 
results is the same as the ranking predicted 
by the theory. 


III 


In their Section HI Passell and Taylor 
speculate that even if my results were valid, 
an increase in execution risk might raise the 
murder rate, if the risk of execution is suffi- 
ciently negatively related to the risk of con- 
viction. Since their analysis in this regard 
is not directed against any of my own rec- 
ommendations, I take it to be their indepen- 
dent contribution to the development of 
policy implications. Unfortunately, their 
discussion is not based on systematic the- 


- oretical or empirical analyses. P-T defend 


the proposition concerning a negative asso- 
ciation between execution and conviction” 
risks by reliance on “legal experts’? and 
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“legal reform movement leaders” from the 
nineteenth and the twentieth centuries. We 
are not told, however, on what scientific 
grounds these opinions are based. 

The “positive” analysis of optimal social 
defense against murder contained in my 
(197Sa) paper does offer some implications 
in connection with the relationship between 
execution and conviction risks (see also 
the mathematical appendix to my 1977 
article) but these implications hardly 
amount to any automatic rules. The the- 
oretical analysis shows that execution and 
conviction risks may act as “substitutes,” 
for example, in response to changes in 
exogenous factors such as unwarranted 
administrative or judicial edicts that affect 
the frequency of enforcement of the death 
penalty. But the risks of execution and 
conviction could also move in the’ same 
direction as a consequence of a change in 
the perceived risk of victimization from 
murder and related crime. For example, if 
there were universal agreement among all 
law enforcement agencies that the rate of 
crime exceeds what society should bear 
given its opportunities, then, with appro- 
priate resource expenditures to produce 
socially optimal magnitudes of deterrence 
variables, there would be no reason to ex- 
pect movements in execution risk to gen- 
erate opposite movements in conviction 
risk. 

I have provided some evidence bearing 
on the empirical significance of the associa- 
tion between execution and conviction risks 
for related movements in the rate of murder 
~ during the period of my time-series sample 
(see my 1975a paper, p. 415). It is incon- 
sistent with P-T’s predictions. Furthermore, 
the assertion that execution and conviction 
risks are negatively associated as a rule is 
clearly contradicted by the United States 
experience of the last 15 years. Although the 
probability of execution decreased dramati- 
cally between 1960 and 1968 or thereafter, 
compensatory movements in probabilities 
of conviction or arrest are not observed. 
On the contrary, the estimated uncondi- 
_ tional risk of conviction actually decreased 
from 39 percent in 1960 to about 31 percent 
in 1969. 
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As I have repeatedly emphasized, even if 
effective as a deterrent, capital punishment 
may not be socially desirable. But the alle- 
gation that reintroduction of the punish- 
ment necessarily leads to a rise in murder 
cannot be defended.® 


IV 


My paper (1975a, p. 416) cautioned that 
the empirical absence of a theoretically im- 
portant variable—the severity of imprison- 
ment for murder—may have affected the re- 
sults obtained. Critics of my work also have 
speculated about potential biases due to ab- 
sence of a wide gamut of additicnal factors 
ranging from latent effects of the baby 
boom to the collapse of societal values that 
allegedly account for the results. While the 
possibility of bias due to omitted variables 
never can be denied, some of the critics’ 
arguments can be tested. Passell and 
Taylor, like Bowers and Pierce, argue that 
the observed negative association between 
the murder rate and the risk of execution is 
an artifact of the 1960’s—a period in which 
the rates of other crimes increased even 
more sharply.’ If the effect of Ple | ¢ were 
an artifact of the 1960’s however, it should 
have also affected the trends in other 
crimes—even crimes against property, 
which are not expected to be sensitive to 


8Passell and Taylor carried this argument ad ab- 
surdum through an exercise (see their fn. 9) where they 
argue that if society fixed arrests at a constant level, 
then an increase in executions necessarily will increase 
murders even though the risk of execution restrains the 
murder rate. Their analysis is internally inconsistent 
and their inferences are erroneous. The point is elabo- 
rated in the author and Joel Gibbons. 

The mere fact that the rate of increase in robbery 
and other property crimes slightly exczeded that of 
murder between 1963-69 (68 percent as against 62 
percent; Passell and Taylor’s quoted numbers are inac- . 
curate) but fell short of it between 1963-73, provides 
no systematic evidence for the position of the critics, 
contrary to their assertion, because movements in each 
crime reflect changes in arrest and conviction risks and 
other variables that are specific to that crime. Further- 
more, P-T ignore the fact that from the late 1930's to 
1963 the murder rate in the United States has been con- 
tinuously on the decline while the opposite trend is ob- 
served in connection with ‘other felonies. Against this 
background of conflicting long-term trends in murder 
and other crimes, the increase in the murder rate since 
1964 is even more significant. 
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TABLE 1—Murper SUPPLY FUNCTIONS, EXECUTING States GLS ESTIMATES? i 


(Ê /Sg in parentheses) 
P%ele 
C m 
Sample NOB “R?” (Constant) T P%c  PX4Q PXS NW AGE URB Diy 
(1) 1940 33 .9529 893 —0.206 -0.709 -0.382 0.443 —2.051 —0.799 
(2.96) (—1.70) (-4.90) (-3.65) (6.29) (—2.29) (—4.68) 
(2) 1940 33 9512 10.34 0.269 —0.678 0.339 0.485 -—2.372 —0.814 
(3.39)  (—2.17) (—4.70) (-3.45) (7.14) (—2.57) (—4.69) 
(3) 1950 34 9281 3.85 -0.501 -0.765 —0.303 0.488 —0.215 —0.601 
(1.42)  (—3.88) (-5.18) (—4.65) (6.57) (—0.30) (-2.76) 
(4) 1950 35 9473 4.46 —0.574 —0,794 —0.353 0.436 -0.071 0.769 
(1.94) (5.27) (-6.31) (—6.24) (6.92) (~—0.12) (-4.20) l 
(5) Pooled 67 .9279 3.85 —0.394 -0.700 —0.311 0.453 -0.347 -0.607 0.469 
(2.04) (-4.31) (-6.98) (—5.94) (8.95) (—0.64) (-4.36) (3.31) 
(6) Pooled 68 9341 4.06 —0.46! -0,727 -0.334 0.432 -0.216 -0.674 0.446 
(2.26)  (—5.30) (-7.55) (-6.59) (8.89) (-0.42) (-5.:1) (3.32) 


2All variables except D4 are measured in natural logarithms. All are weighted by the square root of the urban 
population (see fn. 12). See text for variable definitions. Computations performed via the Econometric Software . 


Package. The “R?” reported are for the transformed regression equations with the weighted variables. 


changes in execution risk. Preliminary re- 


search. into the trend of crime in the United 
States based on a similar econometric speci- 
fication and time period shows that for all 
offenses as a group and for crimes against 
property, changes in the crime rate are in- 
sensitive to changes in the execution risk 
measures. The partial correlation between 
the murder rate and execution risk does not 
appear to be artifactual. 

Moreover, an independent test of the 
basic propositions of the model and an in- 
vestigation of the effect of additional vari- 
ables are included in my 1977 study 
based on cross-state regression analyses for 
the years 1940 and 1950. These years are 
chosen because the level.of enforcement of 
capital punishment in individual executing 
states appears to have been sufficiently high 
and variable to permit a meaningful test of 
the hypothesis of no deterrence. And the 
general uniformity in the reporting of urban 
crime rates (the dependent variable) in the 
FBI’s Uniform Crime Reports permits some 
tests of temporal and cross-sectional homo- 
geneity. 

A full analysis of the data and the regres- 
sion results is included in my 1977 article; 
Table | includes a few illustrations de- 
rived from available data on states that 
had executions. In the equations re- 


perted'° explanatory variables are selected 
by the availability and compatibility of 
relevant data in 1940 and 1950. The term 
Pc is a measure of the unconditional 
probability of conviction of murder: the 
ratio of all commitments to state prisons 
for murder to an estimate of the total num- 
ber of murders known in a given state. The 
term PX4Q is a measure of the conditional 
probability of execution given conviction, 
based on the average number of executions 
for murder in the four years preceding and 
including the sample year, and PXS is an 
alternative measure based on the mean 
number of all executions over a five-year 
period. The T denotes the median time 
served in state prisons for murder by pris- - 
oners released in 1951. Because of data 
exigencies it is used as a measure of antici- 
pated length of imprisonment in both 1940 
and 1950. The terms NW, AGE, and URB 
denote, respectively, the percentages of non- 
whites, the age group 15-24, and the urban 
population in the state population. They are 
introduced partly to serve as “‘correctors”’ 
for relevant variables. The term D4 is a 
dummy variable distinguishing observa- 


The regressions are estimated via weighted ordi- 
nary least squares. Tests for homoscedastrcity led to“ 
weighting by the square root of the urban population 
to generate generalized least squares estimates. 


wn. 
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tions from 1940 (1) and 1950 (0) in the 
pooled regressions. It is introduced to ac- 
count for potential data differences and the 
use of the variable T in both 1940 and 1950, 
as well as for the effect of missing variables, 
such as the income distribution and changes 
in medical technology (see the author, 
1975a, p. 407) which in the time-series 
analysis may have been accounted for by 
the trend variable.'! The general investiga- 
tion also has examined the impact of the 
level and distribution of income in the pop- 
ulation, the effects of unemployment and 
labor force participation rates, the signifi- 
cance of alternative measures of the age 
distribution, and the effect of the risk of 
death through police intervention. The in- 
vestigation has also dealt with interdepen- 
dencies between murder and other related 
crimes. While many of these additional fac- 
tors appear to be relevant, the reported 
effects of the basic set of deterrence and 
demographic variables introduced in Ta- 
ble 1 is found to be essentially unaffected 
by their exclusion. 

The few reported results speak for them- 
selves. The introduction of imprisonment 
severity aids in the estimation of deterrence 
effects. The impact of conviction risk is 
compatible with the one reported in the 
time-series analysis.\* The fact that the 


1lThe exclusion of Dg from equations (5) and (6) 
in Table | here does not alter the effects of deterrence 
or any demographic variables other than AGE. Evi- 
dently, the latter is systematically higher in 1940 than 
in 1950, ` 

2The regression results reported are not strictly 
comparable since they are obtained through different 


- estimation procedures. In particular, the GLS esti- 


mates may not be consistent. However, time-series 


results derived through application of OLS techniques 


for serially correlated errors are quite consistent with 
the results derived through Fair’s simultaneous equa- 
tion procedure. The following equation has been esti- 
mated through the simple Cochrane-Orcutt iterative 
procedure for the effective period 1935-69. It is com- 
parable to equation (3) of Table 3 in my (1975a) paper; 


Ing? = —4.541 — 1.033A* Pa — 0.292A* Pe | a 
(—1.58) (—1.96) (~3.58) 
—0.071A*PXQ,_, = 1.203A*L + 0.513 A*A 


(—3.83) (—1.52) (2.45) 
+ 1.228 A* Y, + 0.068 A* U — 0.045A*T 
~~ (4.91) (2.68) (—6.88) 


ł 


p = 0.023; 6, = 0.043; D.W. = 1.73 


X 
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elasticity associated with the conditional 
execution risk measures appears to be 
higher in absolute magnitude is not incom- 
patible with the proposition that the execu- 
tion risk effect estimated from data for exe- 
cution states only will be higher than that 
estimated from aggregate national data (see 
the author, 1975a, p. 408). As predicted by 
the theory, the estimated -elasticity with 
respect to conviction risk exceeds that with 
respect to execution risk. The basic results 
are found to be stable over time and across 
regions. 

Despite this evidence I do not claim that 
my general investigation has proven the 
validity of the general deterrence hypothe- 
sis definitively, Many difficulties in the the- 
ory’s empirical implementation remain and 
these must be addressed in future work. 
However, the observed compatibility be- 
tween the reported time-series and cross- 
section results, not always present in appli- 
cations of economic theory, accords further 
support to the economic approach to crim- 
inal activity. 
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. The Coase Proposition, Information Constraints, 


and Long-Run Equilibrium: Comment 


By HENRY B. HANSMANN* 


In a recent paper in this Review, William 
Schulze and Ralph d’Arge employ a partial 
equilibrium model of two competitive in- 
dustries with an externality to analyze the 
well-known “Coase proposition.” In par- 
ticular, they compare both the short-run 


. and long-run efficiency implications of (a) 


the unadjusted externality case, (b) a Pigo- 
vian tax on the output of the firms generat- 
ing the external cost (the “emitting” firms), 
(c) a rule making the emitting firms liable to 
the “receptor” firms, and (d) a situation in 
which the emitting firms incur no liability, 
but firms in the two industries are free to 
bargain costlessly concerning the externality. 
The analysis in general is illuminating. 
However, their conclusions regarding the 
impact of a liability rule, both in the short 


. run and in the long run, appear to be in er- 


ror. This is of particular significance be- 
cause, as the authors point out, it is pre- 
cisely the impact of a liability rule that has 
been at the center of the controversy over 
the Coase proposition. 


I. The Short Run 


According to Schulze and d’Arge, in the 
short run a liability rule will lead to the 
optimum level of output in both industries. 
Under the assumptions they make, however, 
the liability rule will in fact lead to higher 
>roduction in the emitting industry than is 
socially optimal. The error lies in the deriva- 
tion of their equation (8), which gives the 
condition for profit maximization in the 
emitting industry. To see the mistake, it is 
helpful to rewrite the second equation in 
their equations (6), which shows the profit 
for a representative firm in the emitting in- 
custry, and from which (8) is derived, as 


* Assistant professor of law, University of Pennsyl- 
vania. I wish to thank William Brainard for valuable 
comments. 
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(1) m = Pzy2 — Ca(y2) — mD(Q2)/n2 


where y, is the output of a representative 
firm inthe emitting industry, Q, is the total 
output of the n, firms in the emitting in- 
dustry, C, is the direct cost of producing 
yz, and D,(Q,) is the cost to each of the n, 
firms in the receptor industry of the ex- 
ternality associated with production level 
Q, in the emitting industry. (This formula- 
tion follows the authors in assuming that 
the amount paid to the receptor industry is 
divided up equally among the emitting 
firms.)' The first-order condition for profit 
maximization is then 


(2) Om2/dy2 


This is the same as their equation (8), ex- 
cept that they assume that dQ,/dy. = mo,. 
and thus that the term in brackets equals 
unity. That is, their formulation assumes 
that each firm expects that if it increases 
output by one unit, so will all other firms in | 
the industry, and total industry output will . 
therefore increase by n, units. Since they 
explicitly assume that the emitting industry 
is competitive, however, a firm in that in- 
dustry would behave as if dQ,/dy, = 1, or, 
in other words, as if its decisions had no ef- 
fect on the behavior of other firms. Thus, 
we can rewrite (2) as 


lAlternatively, we could assume that liability is 
divided up among emitting firms according to their 
output, so that equation (1) instead appears as 


m= Poy, — Co(y2) — yD \(C2)¥ 2/22 


However, so long as n; is large and, as the authors as- 
sume, D” > 0 (so that marginal damages exceed aver- 
age damages), short-run output in the emitting in- 
dustry under a liability rule will still exceed the social 
optimum. 
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(2') 


This condition will be met for individual 
firms only when their output—and that for 
the industry as a whole—exceeds the level 
corresponding to a social optimum. Indeed, 
if n, is large the short-run equilibrium for 
the emitting industry will be quite close to 
that in the unadjusted externality case, in 
which firms in the emitting industry ignore 
the impact of the externality altogether. In 
‘large part, then, the effect of Schulze and 
d’Arge’s hability rule is not to force internali- 
zation of the external costs engendered by 
an emitting -firm, but rather simply to shift 
the burden of those costs away from the 
firms‘in the receptor industry and onto the 
other firms in the emitting industry. 


6%2/9Y>2 = P, oes C3 z n, Di /nz = Q 


I. The Long Run 


In the long run, the authors assert the 
liability rule results in an overallocation of 
resources to both industries. Their conclu- 
sion is correct so far as the receptor in- 
dustry is concerned. In the emitting industry, 
however, the effect of a liability rule might 
well be underproduction rather than over- 
production. 

Schulze and d’Arge’s argument is based 
upon their Figure 2. They correctly note 
that in long-run equilibrium a representa- 
tive firm in the emitting industry will 
operate along an average cost curve given 
by AC, = C2/y2 + n,D,/nzy,. They argue 
that this average cost curve will always lie 
below the curve corresponding to the opti- 
mal Pigovian tax because, under their as- 
sumptions, average damages (upon which 
liability payments are based) are always be- 
low marginal damages (upon which the 
optimal tax is based). Therefore, they reason, 
under a liability rule price will be set too 
low in the emitting industry, and total out- 
put will be too high. Yet, as noted above, 
they are incorrect in stating that the margi- 
nal cost curve perceived by an individual 
firm is given by C} + nD} rather than by 

5 + n,D{/n,. Consequently, with a lia- 
bility rule firms should be expected to pro- 
duce at an output level exceeding that which 

corresponds to the lowest point on the long- 
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run average cost curve. Thus simply ob- 


serving that the minimum on one average - 


cost curve lies below the minimum on the 
other does not suffice to establish their con- 
clusion. 

But more remarkably, while Schulze and 
d’Arge correctly note that a liability rule 
will induce entry of firms into the receptor 
industry beyond the social optimum, they 
ignore the fact that this increase in n, will 
tend to raise both marginal and average 
cost in the emitting industry by increasing 
the amount of damages that must be paid. 
Similarly, they appear to ignore the effect of 
changes in the number of firms in the emit- 
ting industry, n,, upon the position of the 
marginal and average cost curves both di- 
rectly and via the terms D; and D}, both of 
which depend on n3. 

When ail of these factors are accounted 
for, it is clear that the long-run equilibrium 
price in the emitting industry could as well 
be above as below the social optimum, and 
thus that there could as well be too little as 
too much production in that industry. 
In fact, one would expect underpro- 
duction to be the typical result. Only if 
marginal damages exceed average damages 
by a substantial amount, and demand in the 
receptor industry is quite price inelastic (so 
that the reduction in cost and price resulting 
from receipt of compensation would cause 
little expansion in that industry, and thus 
little increase in the liability of the emitting 
firms), would one expect to find overpro- 
duction in the emitting industry under a 
liability rule. 


$ 


These points can be illustrated with a - 


simple example. Assume that the cost func- 
tions for the two industries are given by 


C; = (y; — 100)? + 100? 
D, = (12¥2)7/75 


and that the demand curves for the products 
of the two industries are given by 


P, = 30,000 — ny; f2 i = 1,2 


These functions give the conventional U- 
shaped average cost curves for both in- 
dustries, and satisfy as well ell of the other 
conditions set out by Schulze and d’Arge. 


i= 1,2 
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~ The conditions for a social optimum are 
F-those given by the authors as (their equa- 


f 


tions (2)-(5)): 


(3) P, = Cy . 
(4) P= C3 + nD; 

(5) Pry, = C+ D, 

(6y Poy, = C3 + my, 


Using the specific cost and demand func- 


tions just given, these four equations can be 
solved (by means of substitution and itera- 
tive estimation) for the four unknowns, 
yielding the (rounded) values? n, = 34.6, 
n, = 105, y; = 194, and y, = 150. The opti- 
mal total output ofthe emitting industry is 
therefore nay, = 15,750. 

With a liability rule, the long-run equi- 
librium will be characterized by the four 
equations 


2The figures given here and in the liability rule case 
below suggest that firms in each industry are divisible. 
Only minor adjustments in the figures are necessary if 


. an integral number of firms is required. 
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(3) Pi =C; 

(2') Py = C3 + "Di /n, 
(5’) Piy, = C; 

(6') Poy. = C2 + 1, D,/n, 


which are the same as those given by the 
authors except for (2’), which is discussed 


above. Substituting the specific functional ` 
forms assumed here, these equations can: 


again be solved for the four unknowns 


giving n, = 300, n, = 23.7, yı =,150, and. 


yı = 193. Thus, with a liability rule, the 
total output of the emitting industry is 
ny2 = 4,581. Rather than being greater 
than the optimum output for the emitting 
industry, as Schulze and d’Arge predict, 


this is in fact less than one-third of the: 


optimum output as calculated above. : 
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The Coase Proposition, Information Constraints, 
and Long-Run Equilibrium: Reply 


By WILLIAM D. SCHULZE AND RALPH C. D’ARGE* 


The central theme of our paper on the 

Coase proposition was that competitive 
economic models make specialized assump- 
ttons on availability and cost of information 
and transactions. Our conclusion was that 
when an externality exists in production, a 
long-run equilibrium achieved through free 
entry (which assumes certain information 
constraints) is fundamentally inconsistent 
with negotiating a Pareto optimal solution. 
! Unfortunately, Henry Hansmann in his 
comment has missed this point on the avail- 
ability of perfect information which is cen- 
tral both to Ronald Coase’s arguments and 
to our paper which attempts to conform 
with the assumptions used by Coase. 

Following Coase, in the short run if the 
receptor industry jointly brings suit against 
members of the emitting industry as a 
` group, transforming the situation into one 
where bilateral negotiations can occur 
(which effectively maximizes joint profits 
for the two groups), the court in deciding 
who ts or is not liable can be viewed as 
simply reallocating the gains from trade 
which come from the negotiations to one 
group or the other.' Assuming that the 


*Associate professor of economics, University of 
New Mexico, and professor of economics, University 
of Wyoming, respectively. 

Since, as we have pointed out, maximization of 
joint profits is equivalent to a negotiated solution with 
perfect information, regardless of property rights in 
the short run, we can summarize our argument by de- 
fining joint profits for our two industries under a nego- 
tiated settlement as: 


Wy = m [Py yi — Cy(y1) - Diz y2)) 
+ nal Pa y2 — CoC ¥2)] 


Firms in the industries can only adjust individual out- 
put, but not regulate the number of firms, so joint 
profits in negotiated solutions are maximized only over 
y2 and y;, taking “2 and n, as given in the short run. 
` Thus, the first-order conditions for a maximum of I, 
are: 


O11;/y2 = nai P2 — Ch — (n Dj)j = 0 
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number of firms in each industry is fixed tn 
the short run, we then suggested dQ,/dy 
n,. If a group of firms is jointly held respon- 
sible for their pollution activity it appears 
indefensible to presume they individually 
do not consider the effect of pollution 
control on the group while simultaneously 
arriving at a mechanism and agreement 
for it. To assume that each of the emitting 
firms believes dQ,/dy, i is to assume 
that they have imperfect information since, 
in fact, this belief is false.? The assump- 


and 
OT j/y, = ni [Pi - Ci] =9 


or prices are set equal to marginal social costs (nz, 
nı ~ 0 for an interior solution), satisfying two of the 
conditions for a social optimal, equations (2) and (3) 
as defined in our original paper. To determine if a 
negotiated solution can achieve optimality in the long 
run, let us assume that such a solution satisfies an 
optimal allocation of resources. Thus, (4) and (5), the 
zero-profit conditions of our original paper, must also 
bz satisfied. Substituting these conditions into our 
definition of joint profits, Hj, implies 


TF = nz y2(m Dj) > 0 


or joint profits in a negotiated solution at the social 
optimum are strictly positive under our assumptions. 
Thus, no matter how property rights are assigned be- 
tween the two industries, firms in at least one of the 
industries must have positive profits at the social 
optimum. Clearly, in long-run equilibrium (where 
profits go to zero) firms will (under free entry) be in- 
duced by these excess profits to overpopulate one or 
both of the industries. Excess profits at the social opti- 
mum are, however, precisely equal to collections from 
an optimal Pigovian tax. Thus, to achieve long-run 
optimality with negotiations one must still tax one or 
both of the industries depending on the type of liability 
rule imposed. This simplified version of-our argument 
was presented in 1972 by Schulze. 

2We wonder why Hansmann, if he is assuming that 
firms have imperfect information, does not in effect 
assume that emitter firms perceive d[n,; Dy (n2 y2)/n2}/ 
dy, = 0. In other words, why would a firm ordered by 
a court to make damage payments as a lump sum, 
where these are calculated on an industry damage. 
basis, perceive any impact of their own actions on 
that payment? This, of course, yields a solution 
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tions of perceived perfectly elastic input 


supply and demand for output for indi- 
vidual competitive firms (or rather that 
such firms cannot change prices) in no way 
precludes information concerning nonmar- 
ket interactions between firms. The theory is 
mute on this point. Coase in attempting to 
fill this gap assumed perfect information 
concerning any externality to all negotiating 
parties. We chose not to argue with this as- 
sumption but rather to demonstrate that in- 
formation constraints are implicitly as- 
sumed in the long run which invalidate the 
~ Coase proposition under these circum- 
stances.? 


identical to the pure unadjusted externality case with a 


lump sum transfer of wealth. Note here that we as- 
sume, as Hansmann apparently does, that the court 
enforces damage payments under a fiability solution, 
but firms fail to negotiate because they fail to realize 
gains from trade remain even after the court action is 
complete. 

3The precise nature of the long-run information con- 
straint is apparent from the analysis in fn. 1. Under a 
negotiated solution for an interindustry externality 
with the optimal number of firms, excess profits re- 
~ main. The assumption of free entry has traditionally 
implied that current excess profit levels cause entry or 
exit of firms. Thus, potential entrants by joining one 
or the other of the industries are unaware that they 
will as free riders—both to the preexisting negotiations 
and to the “current” profit level—destabilize any pre- 
existing negotiated solution and destroy excess profit- 
ability for all firms, including themselves. 
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Hansmann has simply changed the as- 
sumption of perfect information for nego- 
tiating parties and unsurprisingly achieves 
different results both from Coase’s short- 
run analysis and our application of nego- 
tiated solutions to the allocation of re- 
sources in the long run. It is inconsistent to 
assume that firms in an industry must nego- 
tiate to achieve a reduction in emissions yet 
not be cognizant of the effects of this nego- 
tiation on their respective output levels. 
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Nontraded Goods, Factor Market Distortions, and 
the Gains from Trade: Comment 


By HirosH1 ONo* 


The March 1975 issue of this Review con- 
tained a controversy over the welfare impli- 
cations of tariff imposition, resulting from 
the analysis in Section III of a paper by 
Raveendra Batra (1973a). The issue was 
raised by Murray Kemp and Edward 
Tower. Although this controversy is very 
interesting, I do not propose to join it, but 
rather point cut that the analysis used in 
Section II of Batra’s paper is misleading. 
Under the assumptions of gross substitutes, 
dD,/dP, > 0, and dX,/dP, > 0 in his nota- 
tion, he derives the result that an effect of a 
change in the terms of trade on sociai wel- 
fare mainly depends on factor-market dis- 
tortions. My basic objection to his analysis 
is the treatment of 8 and A in his paper. He 
claims that the size of both 8 and A depend 
solely on factor market distortions, inde- 
pendent of the factor market orderings. 
This argument crucially relies on the hy- 
pothesis that changes in capital, dK;, and 
labor, dL,;, due to a change in the terms of 
trade, have the same signs. For the case of 
Section I, the terms of trade are fixed, and 
therefore the capital-labor ratio does not 
change at all. However, as soon as the terms 
of trade are allowed to vary in Section H, it 
is no longer necessarily true that capital and 
labor will change in the same direction in 
any industry. I construct a simple example 
below for the home good industry to illus- 
trate this point. Then using Figure 1, I show 
how a change in the terms of trade affects 


the capital-labor ratio in each industry as. 


well as allocations of labor and capital to 
each industry. 

Suppose that the social welfare function 
is given by the following Bergson family 


type, 


*Hokkaido University, Sapporo, Japan, I would 
like to thank an anonymous referee for his suggestions, 
which contributed to the diagrammatic illustration in 
this paper. 
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a 
(1) U = >, Bind, 
| j=l 


It is well known that demand functions de- 
rived from (1), which satisfy gross substi- 
tutability, are given by: 

(2) 


D =B% (i= 1,2,3) 
J 


where 


I shall make my argument as simple as 
possible. Consider the following Cobb- 
Douglas production function m each in- 
dustry: 


X; = LYK} (0 < Y< 1) j = 1,2,3 


Then from marginal conditions 
Yj 


Substituting this into (7) and (8) in Batra 
and taking a relative price ratic of p, to p; 
as a function of only w, we find that 





(3) 


k; = ajw 


dw 8) 
4 —— = 
4) dP, Palya — Yı) 
Then using (3), 

dk; k; 
(5) 


dP, Pa (Y2 — YD 


In a similar fashion, the assumption of full 
employment determines the allocation of 
labor as follows: 


dL, _ ks — k dbs K 

dP, k- ky dPa P2(¥2 — ¥1)(k2 — kı) 
diy kinks dbs OK 
dP, k~- k, dP} P2(y2— yi)(k2 — kı) 
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. From the equilibrium in the home good 
“market (see (4) in Batra), dL,/dP, is de- 


4 r ~ 


termined as follows: 


dls fa n k 
dP) Pı (Yı — Yw + k) 

From (3), the relationship between factor 
shares and the capital-labor ratios is seen as 
follows: i 


(6) ki — kı = 


Therefore, dL;/dP, 0, depending on 
kı $ ky. Since dK, = Ísdk, + kydLy, dK3/ 
dP = k3L3/P2(¥2 — yı) w/(w + k), and 
dL, and dK, have the opposite signs. The 
terms dK, and dL, vary in a nontrivial way 
due to a change in the terms of trade. 

Using James Melvin’s technique, effects 
of a change in the terms of trade can be de- 
scribed in a general fashion. In Figure 1 | 
have drawn the factor endowment box 
diagram, where the vertical axis stands for 
labor and the horizontal axis capital. Let A 
and B be initial equilibrium points, With O’ 
as the origin for the home good, let Xë be 
some arbitrary quantity at A and define the 
corresponding isoquant as Xë. Then the 
box ODAE represents labor and capital 
allocated to the import-competing good 
and the export good industries. For con- 
venience, O and A denote the origins for the 
import-competing good and the export 
good, respectively. In Figure | we consider 
the case where k, < k; < ka, but this factor 
intensity ordering is not essential in the fol- 
lowing. At B, the balance of trade equilib- 


s rium is satisfied (see equation (5) in Batra). 





FIGURE 1 


* ONO: FACTOR MARKET DISTORTIONS 
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Suppose that a change in the terms of trade 
does not affect the equilibrium production 
of the home good. Then a new equilibrium 
lies on the isoquant line ¥ğ, along which an 
increase in one factor necessarily implies a 
decrease in the other factor. Since factor- 
market distortions do not disturb the 
unique functional relationship between the 
wage-rental ratio and the capital-labor ratio 
in each industry, whether the economy, due 
to a change in the terms of trade, moves up- 
ward or downward along the Xë line de- 
pends on whether the wage-rental ratio rises 
or declines. Suppose that a change in the 
terms of trade results in a decrease in the 
wage-rental ratio, which in turn implies a 
decline in the capital-labor ratio in each 
industry. A new equilibrium is shown at A’ 
and B’. In the same manner, when the 
wage-rental ratio rises, A” and B” represent 
new equilibrium points. By considering 
continuous changes in the terms of trade, in 
Figure | we can draw a locus OB' BB” rep- 
resenting allocation of labor and capital to 
the export good and the import-competing 
good industries for various wage-rental 
ratios. In this example, a decline in the 
capital-labor ratio in the home good in- 
dustry comes from the fact that the home 
good industry hires more labor and less 
capital. 

It is clear from the above argument that 
we can relax the requirement of factor in- 
tensity ordering, and the economy to lie on 
the same isoquant line. According to the 
different factor intensity ordering, we can 
take, say, O’ as the origin for the export 
good. Then the box ODAE shows alloca- 
tion of labor and capital to the import-com- 
peting good and the home good industries. 
This change does not affect the above argu- 
ment. Next if a decline in the wage-rental 
ratio, due to a change in the terms of trade, 
results in an increase in the production of 
the home good, the equilibrium locus in the 
home good industry will be drawn as, say, 
Xj. Corresponding to this locus, we can de- 
pict a locus of equilibrium allocations of 
labor and capital to the export good and the 
import-competing good industries. On the 
other hand, if a decline in the wage-rental 
ratio results in a decrease in the production 


f 
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of the home good, a new equilibrium point 
will lie on the locus, say, YZ. 
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Nontraded Goods, Factor Market Distortions, 
and the Gains from Trade: Reply 


By RAVEENDRA BATRA* 


In 1973 when I wrote the paper dealing 
with the factor market distortions in the 
presence of nontraded goods, I had little 
reason to believe that such an apparently 
simple problem would turn out to be so de- 
vious. The paper has attracted valid criticism 
first from Murray Kemp and Edward 
Tower, and now from Hiroshi Ono. In or- 
der to settle the matter once and for all, I 
present a brief and simpler analysis of the 
same model, one that seems to be infallible. 
Furthermore, the general theorem obtained 
applies to all normative questions of factor- 
market distortions, regardless of the presence 
and absence of nontraded goods—a feature 
that was absent in the earlier paper. 


THEOREM 1: In the presence of interin- 
dustry wage differentials, the implications of 
any parametric change in the economy for 
social welfare depend, among other things, 
on the employment of labor in the industry 
paying the higher wage rate. 


-I will illustrate this theorem for the case 
where the parametric change involves an 
exogenous change in the terms of trade of a 
small economy.’ Consider an economy 
facing a social utility function 


(1) U = U(D,, Da, Ds) 
and a budget constraint 


P: p, 


(2) Dy + Da 
P, 


P, 


where D = consumption, X = production, 
and P = price; and i denotes: goods one, 
two, and three ( = 1, 2, 3) with the first 


*Southern Methodist University. 
tThe model used is the same as in my earlier paper. 
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two goods being traded goods and the third 
good being the nontraded good. 

Differentiating (1) and (2) with respect to 
P,and remembering that the marginal rates . 
of substitution reflect price ratics in con- 
sumer’s equilibrium, we obtain: 


o) LdU _ aks, P, dX, 
U, dP, dP, P, dP, 

, BdX | (Xp — Do) 

P, dP, Py, 


From now on assume for simplicity that all 
prices are initially equal to one. If the pro- 
duction functions are given by X; = F,(K,,: 
L,) with K and L as the capital and labor in- 
puts, respectively, then after differentiation 
(3) is written as: 


3 


where F,, and Fx are respectively ‘the mar- 
ginal products of labor and capital in the ~ 
ith sector. In the factor-market equilibrium 
under perfect competition, Fy, = Fx; = Fx, 
whereas with full employment of inelastically 
supplied capital 2dK,; = 0. Therefore the 
second term of (4) reduces to zero. As re- 
gards to the first term, (F,,;/a,) = (F12/ 
a) = (F,3/a,) where a, > 1, represents the 
wage differential.? Since DdL; = 0, then (4) 
can be written as 


1 dU a, ,\ dL, 
Sale anal mF a ee 
©) U, dP, a ($ - ) dP, 
Cr dL, Y.D 
ag & A + (X 2) 


This is then a simple equation that deter- - 
mines the implications of a change in the 


2See the author, p. 707. 


468 l THE AMERICAN ECONOMIC REVIEW 


foreign price of the second good for social 
welfare.’ As can be seen clearly, the welfare 
change depends on the response of labor 
utilization to a change in P, as well as the 
amount traded of the second good, which I 
will suppose is the exported good, so that 
X,— D, > 0. In the absence of any wage 
differential a, = 1, so that 

1 dU 
U, aP, = X,— D,>0 
which is the standard result. On the other 
hand, suppose that the wage differential 
exists, but the nontraded good does not, so 
that dL, = 0. Here the results also depend 
upon the sign of (1 — a,/a,) as well as 
dL ,/dP,. The question of how labor alloca- 
tion is influenced by the change in P, be- 
comes germane. In the case of “normal” 
price-output response dL, /dP, < 0 so that 
the result then depends on (1 — a,/a,): 
This is nothing but the result obtained by 
myself and Prasanta Pattanaik. 
Finally suppose that the nontraded good 

exists and thai the differential is paid by in- 
dustry 1, so that a, = a, = 1 < a,. Here 


1 av 
Since a, > 1, the change in social welfare 
depends again on how the labor utilization 
in the industry paying the differential re- 
sponds. Similarly, if the differential is paid 
by the nontraded good, so that a, = a, = 


dL 
= F(a; — ere + (x, — D)) 
2 


` 3Equation (5) is quite different from its counterpart, 
equation (17), obtained in the author, p. 708. The 
reader can readily appreciate the simplicity of the pro- 
cedure developed here. 


JUNE 1977 


| < a, the welfare change would depend - 
on the labor response in good 3. If on the 


- other hand, good 2 paid the differential, so 


that a, = Q4 = l < Aa, then since (1 a 
a,/a@,) = (1 — a;/a,) and since dL, = 
— (dL, + dL,), (5) would become: 


E EE (a E 1 LERE EE 
Os dP, 


Here again the results would depend on 
how the employment of labor responds in 
the industry paying the wage differential. 
Until now Theorem 1 has been illustrated 
by means of an exogenous change in the 
terms of trade. Similar results can be de- 
rived by introducing other parameters such 
as tariffs and taxes. The appeal of the pro- 
cedure developed here is not only its sim- 
plicity but also its validity, regardless of the 
presence or absence of nontraded goods. 
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Short-Term Interest Rates as Predictors 


of Inflation: Comment 


-~ 


By JOHN A. CARLSON* 


In a recent article in this Review, Eugene 
Fama concludes that “one ... cannot reject 
the hypothesis that all variation through 
time in one- to six-month nominal rates of 
interest mirrors variation in correctly as- 
sessed one- to six-month expected rates of 
change in purchasing power” (p. 282). Since 
acceptance (or nonrejection) of this hypothe- 
sis over periods as short as a few months is 
counter to much of today’s received doc- 
trine about what influences market rates of 
interest, it is important to point out that the 
tests he conducts do not rule out other theo- 
retical models so long as they too are con- 
sistent with the observed data. 

The nominal rate of interest can be de- 
fined as the sum of an expected rate of 
inflation and an expected real rate of in- 
terest. Fama’s conclusion then rests on two 
assumptions: (a) There is a constant ex- 
pected real rate of interest. (b) All relevant 
information about future inflation is fully 
incorporated in the expected-inflation com- 
ponent of the market rate of interest. 

Both assumptions will be contradicted by 
evidence to be presented here. The first 
assumption does not hold up when an ex- 
pected-real-rate series is constructed from 
survey data on inflation expectations. The 
most remarkable regularity in the series is 
that the short-term (six months to a year) 


- expected real rate falls during recessions, 


when the short-term marginal productivity 
of capital would be expected to fall. 
Thesecond assumption will be challenged 
on Fama's own ground by showing that sig- 
nificant information about subsequent infla- 


. tion has not been fully reflected in nominal 


interest rates and by arguing that the com- 


* Professor of economics, Purdue University. I wish 
to thank Pat Hendershott, Bill Dunkelberg, Ben Fried- 
man, and Ed Kane for comments on an earlier draft, 


_ Jeff Levin and Tommy Stanley for their fine research 
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responsibility for the views expressed. 
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mon trend in the data gives rise to the sta- 
tistical illusion that variations in interest 
rates on Treasury Bills are good predictors 


of variations in inflation. P 


I. Behavior of an Expected Real Rate 


If a sample were to be taken of individual 
participants in and observers of financial 
markets, and they were asked what will 


happen to prices of goods and services over 


the term to maturity of a particular Trea- 
sury Bill, it is plausible that the average ex- 
pectation in that sample will tend to move 
with the expectations of the representative 
trader. It would then be possible to con- 
struct a variable that we may call an ex- 
pected real rate of interest. 

Before turning to the evidence, we should 
consider how to interpret patterns that 
might arise. First, as Irving Fisher and 
many others have argued, we should see a 
positive association between expected infla- 
tion and interest rates. Briefly, suppose on 
balance that people have just come to be- 


lieve that inflation will be higher than it is 


now. In order for those expectations to have 
any effect on the yields of Treasury Bills, 
some holders of a bill or some potential 
buyers now think that a better return can be 
obtained by somehow buying into items 
that will appreciate in value at least as fast 
as the expected inflation rate. This would 
lead to an increase in supply or a decrease 
in demand for a Treasury Bill at the current 
price. Either is postulated to lower the price 


and raise the yield. Thus, yields should be ' 


positively associated with expected inflation 
rates if the alternative investments are 
readily available.! 

The foregoing line of argument, however, 
also allows other factors affecting supply 


1 Along this line, Patric Hendershott and James Van . 


Horne find Martin Feldstein and Otto Eckstein’s 
model theoretically deficient because it is missing an 
asset that can earn a real return. 


i 
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and demand for Treasury Bilis to have an 
influence on the market yields, at least over 
relatively short periods, such as a few 
months. If so, real rates may vary sys- 
tematically in response to specific stimuli. 
Standard models postulate, for example, 
that there will be liquidity effects (see, for 
example, Milton Friedman). Sizable in- 
creases in the money supply may tempo- 
rarily drive down the nominal rate of in- 
terest. Without an immediate matching 
decrease in expected inflation, the real rate 
of interest must also fall. 

There are other possibilities, but since 
one pattern does stand out in the data to be 
presented, we shall move directly to that 
point. Waves of optimism or pessimism of 
the sort John Maynard Keynes discusses in 
conjunction with investment decisions may 
cause short-run increases or decreases in the 
expected productivity of capital. Those ex- 
pectations in turn could be reflected in 
financial markets, such that expected real 


interest rates fall when investors become °- 


pessimistic and rise when they become opti- 
mistic about profit opportunities for new 
capital goods. 

Data for computing a time-series of ex- 
pected real returns exist over a fair length 
of time. Since the late 1940’s, Joseph Liv- 
ingston, a financial columnist in Philadel- 
phia, has conducted a semiannual survey of 
business and academic economists who are 
deemed to be knowledgeable observers of 
the economy and of financial markets. Most 
of them have been involved in making eco- 
nomic forecasts and so are likely to have a 
general common awareness of the informa- 
tion available abcut the state of the econ- 
omy at the time of their forecasts. The fore- 
casts in these Livingston surveys include 
estimates of what the Consumer Price Index 
(CPI) will be six and twelve months beyond 


2At one point, Fama seems to agree with this when 
he writes that prior to the Treasury-Federal Reserve 
Accord of 1951 “a rich and obstinate investor saw to 
it that Treasury Bill rates did not adjust to predictable 
changes in inflation rates” (p. 274). If pre-Accord 
government policy could peg interest rates, then 
surely subsequent policy actions can at least tempo- 
rarily offset predictable inflation and force variations 
on the expected real return. 
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the survey month. They are submitted in . 
late November or early December, and in 
late May or early June. 

At the time these forecasts are made, 
most of the participants in the December 
surveys know the October CPI and those in 
the June surveys know the April CPI. 
Therefore, the expected rates in inflation re- 
ported in Table 1 have been computed as 
follows. An arithmetic average is taken of 
the individual forecasts of the CPI six and 
twelve months beyond the survey month. 
Then, since the latest CPZ released prior to 
these forecasts is for two months before the 
survey month, the implied expected rates of 
inflation are calculated over the eight and 
fourteen months between the latest known 
CPI and the CPI being predicted. These are 
expressed at annual rates.? 

Considering when the questionnaires are 
returned, the average market yields for the 
first week ending in the survey month coin- 
cides reasonably well with when the price 
expectations are submitted. These vields are 
reported in Table 1 together with the week- 
ending dates. Finally, the expected rate of 
inflation, based on forecasts of the CPI, the 
same index Fama uses, is subtracted from 
the market yield on securities with maturity 
dates that correspond roughly to the dates 
of the price forecasts. The difference is 
shown in Table | as the expected real return. 

The patterns are similar for the 6-month 
and the 12-month returns. Therefore, the 
12-month data are plotted in Figure 1 be- 
cause there are more observations. The 6- 
month yields were not reported prior to 
1959. Inspection of Table | and a look at 
Figure | reveal a number of points. 

The trend in nominal yields parallels the 
trend in expected inflation rates, with the 
result that there is little evident trend in the 
expected real rates of interest (assuming ex- 
pected real returns rebound to normal levels 
after the 1974 dip). This is consistent with 
the notion that financial markets -adjust to 
the real forces of productivity and thrift 
over fairly long periods of time and that 
these forces change only gradually. The ex- 


3 Additional details are available in the auther (1975, 
1977) 


é 
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TABLE | 
Yields’ on Expected Inflation Rate? Expected Real Return 
Week 6-Month 9 to 12 Next 6 Next 12 Next 6 Next i2 . 
Year Ending Bills Month Issues Months Months Months Months 
1953 June 6 2.59 ~1.01 — 1.50 4,09 
Dec. 5 1.50 ~1A16 — 1.08 2.58 
1954. June 5 81 — 52 — Il 92 
Dec. 4 1.01 .15 .05 .96 
1955 June 4 1.74 -50 27 1.47 
Dec. 3 ` 2.44 8] 54 - 1.90 
1956 June 2 2.74 Jo 50 2.24 
Dec. | 3.23 1.42 1.08 2.15 
1957 June | 3.42 1.14 1.19 2235. 3 
. Dec. 7 3.33 07 23 = 310e 
1958 June 7 51 .06 "gaz 59 
Dec. 6 3.30 64 -80 2.50 
1959 June 6 3.30 3.99 62 1.00 2.68 2.99 
Dec. 5 4.86 4.93 95 1.04 3.91 3.89 
1960 June 4 3.18 3.87 AS 70 2.73 3.17 
Dec. 3 2.70 3.05 19 64 2.51 2.41 
1961 June 3 2.60 2.98 1.01 1.15 1.59 1.83 
Dec. 2 2.78 2.98 1.07 1.21 1.71 1.77 
1962 June 2 2.76 3.00 1.02 1.06 1.74 1.94 
Dec. | 2.94 295 99 1.10 1.95 1.85 
1963 June | 3.06 3.17 1.03 1.05 2.03 2.12 
Dec. 7 3.68 3.76 82 98 2.86 2.78 
1964 June 6 3.57 3.84 1.09 1.24 2.48 2.60 
, Dec. 5 3.97 4.04 1.29 gE 2.68 2.81 
1965 June 5 3.92 4.02 94 1.07 2.98 2.95 
Dec. 4 4.26 4.36 1.57 1.68 2.69 2.68 
1966 June 4 4,75 5.00 - 1.83 2.08 - 2,92 2.92 
Dec. 3 5.26 5.32 2.06 2.19 3.20 3.13 
1967 June 3 3.74 4.12 2.14 2.40 1.60 1.72 
Dec. 2 5.49 5.60 2.66 2.83 2.83 ` 2.77 
1968 June | 5.86 6.20. 3.09 3.10 2.77 3.10 
Dec. 7 5.77 5.73 2.72 2.91 3.05 2.82 
1969 June 7 6.58 6.78 3.15 3.44 3.43 3.34 
Dec.6 7.83 8.11 3.55 3.60 4.28 4,51 
1970. June 6 6.88 7.52 3.50 3.64 3.38 3.88 
Dec. 5 4.95 5.05 3.56 3.80 1.39 125 
1971 June 5 4.52 4,99 3.90 4.12 62 87 
Dec. 4 4.42 4.63 3.03 3.23 1.39 1.40 
1972 June 3 4.20 4,66 3.57 3,80 _ 63 « 86 
Dec. 2 5.18 5.35 3.24 3.48 1.94 1.87 
1973 June 2 6.99 7.13 4.41 4.21 2.88 2.92 
Dec. 1 7.77 7.36 5.34 5.36 2.43 2.00 
1974 June | 8.26 8.46 | 7.12 6.84 1.14 1.62 
Dec. 7 7.34 7.65 7.67 7.50 ~ 33 15 
1975 June 7 5.48 6.15 5.54 5.60 ~ 06 35 
Dec. 6 6.04 6.65 5.84 $85 .20 80 


Source: Federal Reserve Bulletin, various issues, 
Obtained from Livingston’s survey of economists. 
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FIGURE 1 


pected real returns fluctuate around 2.5 per- 
cent, ranging between 0 and 4.5 percent in 
the years 1953-75. (The 6-month forecasts 
by late 1974 even indicate a slightly negative 
expected real return.) 

The most notable declines in nominal in- 
terest rates occur in 1953-54, 1957-58, 
1960, 1966-67, 1969-70, and 1974-75. All 
of these, with the possible exception of 
1966-67, are associated with recessions. 
Fama’s interpretation is that the market, 
efficiently using information, was anticipat- 
ing a decline in the rate of inflation. In all 
of those episodes, however, except in 1960 
‘and in 1975, the expected rate of inflation 
rosé according io the Livingston data. In 
1960 the expected rate of inflation fell by 
considerably less than the nominal rate of 
interest. 

In early 1975, the fall in nominal interest 
rates did mirror a fall in expected inflation. 
That was also the largest 6-month drop in 
expected inflation yet observed in the Liv- 
ingston data. For once the decline in nom- 
inal rates was not attributable to a con- 


Percent 
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current decline in the expected real rate. 
Whatever drives down the real rate, how- 
ever, whether it be expected inflation rising 
faster than nominal rates or nominal rates 
falling with little change in expected infla- 
tion, the severity of a recession may well be 
the prime determinant of how low the ex- 
pected short-term real rate falls. 


II. Weakness of the Regression Tests 


If expected real rates fluctuate so much, 
why do Fama’s tests support the assump- 
tion of a constant real rate? I shall argue 
that two phenomena offer answers: (a) a 
statistical domination of expected inflation 
in interest rates adjusting to relatively large 
differences in inflation in the sample and (b) 
a systematic underestimation of inflation 
when expected real rates are most likely to 
be high. 


(1) A: = do -+ a R, + ey 


where R, is the interest rate on a Treasury 
Bill, A, is the actual percentage change in 
purchasing power over the term to maturity 
of the bill, and e, is an error term. (Note 
that A is negative when prices are rising.) If 
the expected real rate is constant and if cor- 
rectly anticipated inflation is on average in- 
corporated into the market rate of interest, 
then the coefficient a, should be approxi- 
mately minus one, Equation | in Table 2 is 
a replication of Fama’s estimates for 
i-month Treasury Bills. The estimated a, 
coefficient is very close to minus one. 

In terms of hypothesis testing, what al- 
ternative hypotheses should we reject on the 
basis of this estimate? It may be that not 
much has been ruled out. To see this point, 
consider a simple artificial example with 
eight periods of observations: 


Period 


vs 


A 


0 
4 
—4 
~4 
-4 
~9 
-8 
si 


DO N T tA D U N 
COO e ES Eo a = > 


piant 


4I am grateful to both Fama and Schwert for allow- ` 
ing me to use these data. 
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The example has been constructed so that 
whenever R is unchanged, A falls (i.e., the 
inflation rate rises) and whenever R goes up, 
A stays the same or goes up (inflation is un- 
changed or lessens). Clearly, changes in A 
are badly predicted by the immediately pre- 
ceding changes in R, and yet the OLS re- 
gression equation with these data is: 


(2) A, = 2.0 “= R, 


Taken literally, equation (2) implies that 
a one-point increase in R results in (or is 
followed by) a one-point decrease in A. In 
the example, however, the sequence of 
events is that an increase in inflation 1s fol- 
lowed with a lag by increases in interest 
rates. While efficiency is not rejected by the 
regression estimates, neither should “‘ineffi- 
ciency” of forecasts be ruled out.° Strong 
trends in the data present a major empirical 
problem. 

If we turn to the U.S. data and select a 
period in which there is relatively little 
trend, then the short-term changes in the ex- 
pected real interest rate and the errors in 
forecasting inflation a short period ahead 
may not be swamped statistically by the 
possibility of interest rates eventually ris- 
ing in response to higher rates of inflation.® 
In looking at the Livingston data, we see 
that in the period from late 1956 to mid- 


SAnother of Fama’s tests of efficiency is a lack of 
autocorrelation in the residuals. In the example, the 
residuals have a slight negative autocorrelation but 
even that could be removed by a somewhat more com- 
plicated example in the same spirit as the one pre- 
sented, with unexpected inflation inducing subsequent 
changes in interest rates. 

6In the spirit of the example, I broadened the main- 
tained hypothesis to include current inflation as a func- 
tion of future interest rates. Let R,,; replace R, in 
equation (1) and let? =0,1,...,5in turn. With a null 
hypothesis that a; = 1.0 and using the data from 
1953-71, one cannot reject the null hypothesis at con- 
ventional levels of significance with any of the values 
of i that were considered. However, somewhat to my 
surprise, the fit with 7 = 0 was marginally better than 
the other cases, This is what Fama’s model predicts, al- 
though the differences in the coefficients relative to 
their standard errors do not allow any clear-cut sta- 
tistical claim of superiority for Fama’s particular hy- 
pothesis. Furthermore, it would seem with Fama’s 
~ model that the fits should get progressively worse as i 
increases. In fact, the fit is better with i = 4 than with 
i= 1,2, or 3. 
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1965 the expected inflation rate stayed 
around | percent per year. Prior to that 
period it had been rising toward | and after 
that tt rose markedly above |. During the 
period nominal interest rates did have con- 
siderable variation. 

Equation (1) was therefore estimated for 
the months from the second Livingston sur- 
vey in 1956 to right after the first survey in’ 
1965, a total of 105 monthly observations. 
The estimates are shown as equation 2 in 
Table 2. The a, coefficient is now much 
closer to zero and by conventional tests of 
significance, the hypothesis must be rejected 
that the true coefficient equals minus one. 

The same pattern recurs for 2- and 3- 
month bills. Equations 5 and 9 (Table 2) 
replicate Fama’s corresponding equations. 
With the 2-month bills, the equation calls 
for the use of nonoverlapping two-month 
intervals. This could be done beginning in 
January 1953 or in February 1953. Either 
gives approximately the same coefficients. 
Those beginning with the first month in the 
sample are reported in all the equations 5 
through 12 in Table 2. 

The regressions run with the two- and 
three-month data for the 1956-65 subperiod 
are numbered 6 and 10. The results are sim- 
ilar to those for I-month bills (reported as 
equation 2). The estimates of the coefficient 
on R, systematically depart from minus one 
for every set of nonoverlapping two- or 
three-month data regressed over the 1956- 
65 subperiod, not just those reported in 
Table 2. None of the coefficients comes 
within two standard errors of minus one. 

This rejection of Fama’s joint hypothesis 
in periods in which trend effects are neg- 
ligible arises not only because the expected 
real rate varies but also because informa- 
tion about subsequent inflation is not fully 
incorporated in the interest rate variable. I 
show this latter point by using another vari- 
able that has a good record in predicting 
inflation. The variable, suggested in a note 
by Irwin Kellner, is the ratio of seasonally 
adjusted employment to noninstitutional 
population over 16 years of age. From an 
inspection of Kellner’s chart, I chose a six- 
month lag arbitrarily without trying to find 
a best-fit lag. Thus, the variable denoted 
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TABLE 2—REGRESSIONS OF CHANGE IN PURCHASING POWER ON INTEREST RATES R, 
AND ON THE RATIO OF EMPLOYMENT TO POPULATION E/P 
FOR DIFFERENT HORIZONS AND SELECTED PERIODS 
(Standard Errors in Parentheses) 
Horizon 
Equation in Months Period Constant? Ri E/P R? DW 
l. | 1/53-7/71 .069 —.976 .29 1.79 
(.030) (.102) 
2. l 11/56-77/65 —.053 ~ 361 .02 1.95 
(.064) (.279) 
3. l 1/53-7/71 — .020 —.639 — .088 36 1.93 
(.032) (119) (.018) 
4, l 11/56-7/65 —.042 —,409 —.080 10 2.07 
(.061) (.268) (.026) 
5 2 1 /53-7/71 15S — .960 A2 1.65 
(.066) (.107) 
6. 2 11/56-7/65 —.105 —.322 02 1.74 
(.140) (.286) 
7. 2 1/53-7/71 001 —.677 —.153 50 1.90 
(.073) (.123) (.038) 
8. 2 11/56-7/65 — 092 — 350 —.126 14 2.10 
(.133) (.272) (.049) 
9, 3 1/53-7/71 223 ~ 908 48 1,99 
(.105) (.110) 
10. 3 11/56-7/65 — .205 —.247 .02 2.15 
(.253) (.329) 
li. 3 1/53-7/71 — .053 — .588 —.258 59 2.33 
(113) (.122) . (.058) 
12. 3 11 /56-7/65 —.195 —.260 — 268 23 2.66 
(.224% (.292) (.085) 


4Constants are higher than those reported by Fama because A and R have been multiplied by 100. The E/P is 
measured in deviations from its sample mean so that it will not have much effect on the estimate of the constant 


term. 


E/P is the employment/population ratio 
six months before the month in which the 
interest rate is determined. 

Once again, refer to Table 2 and compare 
equation 3 with equation 1. When E/P is 
added to Fama’s equation with the one- 
month data, it enters significantly; with 
standard normality assumptions, the f-ratio 
isalmost 5. This information has apparently 
not been fully reflected in the one-month in- 
terest rates because the coefficient on the in- 
terest-rate variable now departs significantly 
(by 3 standard errors) from Fama’s pre- 
dicted value of minus one. The results for 
2-month and 3-month bills, shown in equa- 
tions 7 and 11, respectively, tell precisely 
the same story.’ 


?The progressively higher coefficients (in absolute 
value) for E/P arise because the dependent variable, 
i.e., the percentage change in purchasing power, tends 
to be greater when computed over more months. 


For comparative purposes, equations 4, 
8, and 12 in Table 2 show the estimates of 
the coefficients for the regressions with E/P 
in the subperiod 1956-65. In that period, at 
least, the coefficients on E/P are close to 
those for the entire 1953-71 period. Note 
also the subperiod coefficients on R, are not 
changed by much with the inclusion of E/ P. 


HI. Summary and Conclusion 


To conclude, variations in short-term in- 
terest rates are not good predictors of varia- 
tions in inflation rates. Fama’s regression 
tests over periods with substantial trends in 
both inflation and interest rates cannot rule 
out a world in which unexpected inflation 
precedes changes in interest rates. When the 
regressions are run over periods with little 
variation in expected inflation, one is led to- 
reject Fama’s hypothesis. 

Furthermore, both of the key assump- 
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tions are of dubious validity. First, evidence 


has been presented that expected short-term - 


real interest rates do have notable variation. 
They fall during recessions when the 
short-term marginal productivity of capital 
is likely to have fallen. Second, interest rates 
do not appear to be efficient predictors, if 
efficiency means that all available informa- 
tion about subsequent inflation rates are in- 
corporated in interest rates.* Information 
about inflation, not fully reflected in interest 
rates, is provided by an additional variable, 
the ratio of employment to population. 


8Fama carefully states that his empirical results sup-, 


port efficiency only in the sense of using all the infor- 
mation available in time-series of past inflation rates. 
This conclusion Is respectfully disputed by Nelson and 
Schwert. My challenge extends to Fama’s broader 
meaning of efficiency. Patrick Hess and James Bicks- 
ler, by contrast, consider results seemingly contrary 
to efficiency as “very disturbing” and proceed to find 
other explanations that will reconcile the evidence 
with a belief in efficient markets. 
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Short-Term Interest Rates as 
Predictors of Inflation: Comment 


By DOUGLAS JOINES* 


In a recent article in this Review, Eugene 
Fama presented evidence in support of two 
hypotheses: 1> that the expected real return 
on l-month U.S. Treasury Bills was constant 
during the period January 1953-August 
1971; and 2) that during this period the 
market for l-month Treasury Bills ef- 
ficiently predicted I-month rates of infla- 
tion, as measured by the Consumer Price 
Index (CPI). Efficiency is taken to mean 
“that nominal interest rates summarize all 
the informaticn about future inflation rates 
‘that is in time-series of past inflation rates” 
(p. 269). 

In this note I raise two questions regard- 
ing Fama’s results. The first is whether simi- 
lar tests based on an information set some- 
what broader than the past history of 
consumer price inflation will support 
Fama’s findings. The second is whether 
given Fama’s data and model his results 
fully support his hypotheses. The answer to 
both questions is “no” if one accepts the 
accuracy of the data. 

During Fama’s sample period, the cur- 
rent monthly rate of change of consumer 
prices, C,, is significantly related to the 
three previous monthly rates of change of 
wholesale prices, W,_,, Wia, W,_, (see the 
second line of Table 1).! As an extension of 
` Fama’s results one can ask whether in 
setting the nominal interest rate R, the 
market utilizes all information about C, 
contained in W,_,, W,_., and W,_,;. The 
third line of Table 1, which reports regres- 
sion coefficients and other statistics for an 
analogue of Fama’s equation (21), sheds 


*University of Chicago. I am indebted to S. 
Ghorayeb and A. Laffer for helpful comments. 

'No attempt is made to derive a relationship from 
theory. Instead reference is made to an empirical re- 
lationship which existed during Fama’s sample period 
and which the market might have taken into account 
in forming its anticipation of the rate of change of 
consumer prices. 
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some light on this question. These results 
appear to be inconsistent with both of 
Fama’s hypotheses. The coefficient on R, is 
more than two standard errors below unity, 
which is inconsistent with either a constant 
expected real return or efficiency. Each of 
the coefficients on W,_,, W,_,, and W,_, 
is individually different from zero at the 5 
percent significance level, and a test of the 
hypothesis that all three coefficients are zero 
against the alternative that one of the three 
is nonzero yields an F-statistic (with 3 and 
218 degrees of freedom) of 9.3 and can 
thus be rejected at high levels of significance. 
These results are consistent with the hy- 
pothesis that the market igncres readily 
available information concerning the rate of 
change of consumer prices when it sets the 
nominal interest rate. 

The nominal interest rate predicts the 
sum of the rate of inflation and the real re- 
turn. The results reported above can be ex- 
plained by a nonconstant expected real re- 
turn while still maintaining the efficiency 
hypothesis. If the expected real return varies 
from month to month and is correlated 
with Wii, W,_,, and W,_,, then omitting 
it as an explanatory variable could result in 
numbers similar to those in the table, even 
though in setting the nominal interest rate 
the market takes account of all information 
about C, contained in W,_,, W,_,, and 
W,_;. In particular, such an omission could 
result in nonzero estimated coefficients for 
these variables even though the true co- 
efficients are zero. 

The table also shows the autocorrelation 
of residuals from each estimated equation 
at lags 1, 2, and 3, as in Fama’s paper, as 
well as the autocorrelation at the twelfth, or. 
seasonal, lag. The twelfth-order autocorre- 
lation of residuals is significantly different 
from zero at the 5 percent level for each of _ 
the three equations. Assuming that the CPI 
and Wholesale Price Index (WPI) ac- 
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TABLE 1—-REGRESSION RESULTS? 
Constant R, Wii Wi? W3 R? S(e) D.W. Ale) ple) Pale) nle) 
— 0.00068 0.98 0.29 0.00196 1.766 0.11 0.12 —-002 0.19 
(0.00030) (0.10) 
0.00134 0.186 0.164 0.129 0.22 0.00207 1.662 0.17 0.23 0.07 0.32 
(0.00016) (0.039) (0.038) (0.039) 
— 0.00050 0.77 0.132 0.101 0.077 0.37 0.00186 1.998 0.00 0.08 -0.08 0.24 
(0.00028) (0.10) (0.036) (0.035) (0.035) : 


Notes: Numbers in parentheses are standard errors. S(e) denotes standard error of residuals; D. W. denotes Dur- 
bin-Watšon statistic; ĝ; (e) denotes sample autocorrelation of residuals at lag j. 
@The dependent variable in each equation is C,, the current monthly rate of change of consumer prices, 


curately measure the prices of consumer 
-goods and wholesale commodities, this 
autocorrelation indicates that there is a 
seasonal pattern in the market’s forecast 
errors of the rate of consumer price infla- 
tion. Such a pattern of forecast errors is 
strictly inconsistent with market efficiency. 
There are, however, at least two alternative 
explanations for this seasonal result as well 
as our earlier results. The first is that in 
setting the nominal interest rate the market 
is concerned not merely with the prices of 
consumer goods, and thus tries to forecast 
some more general index of inflation. If the 
seasonal pattern of the used proxy differs 
from the seasonal pattern of “true” infla- 
tion then there may be seasonality in the 
residuals. 

The second explanation is that there are 
in fact deficiencies in the price data. Spe- 
cifically, the lack of monthly sampling of all 
items included in the CPI, to which Fama 
refers, could produce nonzero coefficients 


on W,_,, W,.., and W,_; and nonzero. 


value for the twelfth-order autocorrelation 
of the residuals. In setting the l-month 
nominal interest rate, an efficient market 
should incorporate the effects of any true 
seasonal pattern in the rate of infletion. The 
market, however, should not react to an ap- 
parent seasonality which is merely an arti- 
fact of the method used to collect the data. 
Such spurious seasonality in the CP/ should 
be reflected in the residuals from equations 
such as those reported above.’ 


2Question has been raised in the literature concern- 
ing the accuracy not only of the CPI but also of the 
WPI. Measurement errors in the WPI could of course 


produce nonzero estimated coefficients even though - 


the true values of the coefficients are zero. 
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Short-Term Interest Rates as Predictors 
of Inflation: On ‘Testing the Hypothesis | 
that the Real Rate of Interest is Constant 


By CHARLES R. NELSON AND G. WILLIAM SCHWERT* 


In an innovative and provocative paper 
in this Review, Eugene Fama presents evi- 
dence which appears to be consistent with 
the joint hypothesis that the real rate of in- 
terest, ignoring taxes, is a constant and that 
the market for U.S. Treasury Bills is efficient 
in the sense of embodying rational expecta- 
tions.! Those findings are strikingly at 
variance with a long list of previous studies 
which seemed to support the view that the 
real rate of interest varies over time and can 
be related to economic variables such as 
real output, monetary policy, and so forth.” 
The methodologies which lead to these con- 
tradictory conclusions are quite different. 
Previous studies had followed the lead of 
Irving Fisher by relating nominal interest 
rates to distributed Jags on past rates of in- 
flation.? These distributed lags are generally 
interpreted as approximations to the mar- 


*Professor of economics, University of Washington, 
and assistant professor, Graduate School of Manage- 
ment, University of Rochester, respectively. This re- 
search was supported in part by the National Science 
Foundation under grant GS 34501 and in part by a 


grant from the University of Chicago Graduate School 


of Business. We are grateful to Eugene Fama for pro- 
viding us with his data on Treasury Bill yields. We 
also appreciated helpful criticism received from 
Mukhtar Ali, Truman Clark, Fama, Alan Hess, 
Charles Plosser, and Arnold Zellner, but we accept 
responsibility for all errors. 

See John Muth and Fama (1970) for definitions of 
“rationality” and “efficiency.” 

2The taxation of nominal income implies that if the 
before-tax real rate is constant, the after-tax real rate 
will vary inversely with the rate of inflation. The be- 
havior of the after-tax rate is presumably more rele- 
vant from the viewpoint of the individual investor 
making consumption savings decisions. 

3Richard Roll presents a bibliography of many of 
these studies. Roll also argues that efficiency in mar- 
kets for goods (with no costs of storing goods or shift- 
ing production through time) would imply that infla- 
tion rates be randomly distributed with mean zero, but 
shows that to the contrary actual inflation rates exhibit 
substantial autocorrelation. 
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ket’s expected rate of inflation and thus any 
remaining variation is attributed to varia- 
tion in the real rate.* Fama’s methodology, 
on the other hand, draws on the fact that 
the difference between the market interest 
rate and the subsequently observed rate of 
inflation, the ex post real interest rate, con- 
sists by definition of the ex ante real interest 
rate plus a pure forecasting error.’ The 
hypothesis of market efficiency implies that 
these forecasting errors must be serially 
random. Thus, observing ex post real rates 
is equivalent to observing ex ante real rates 
with random measurement error. These er- 
rors of course confound the problem of 
identifying variation in the ex ante real rate. 

In this paper, we will argue that the rela- 
tive magnitude of these measurement errors 
is such that the tests carried out by Fama 
were not powerful enough to reject the joint 
hypothesis that the ex ante real rate is a 
constant and expectations are rational. More 
powerful tests which are presented in this 
paper using the same data do lead to rejec- 
tion of that hypothesis. Of course, rejection 
of the joint hypothesis could be interpreted 


4As John Rutledge (pp. 17-21) has pointed out, 
Fisher’s interpretation of his distributed lags placed 
considerable emphasis on the indirect effects of infla- 
tion on interest rates rather than on the formation of 
expectations by extrapolation. 

5Fama’s methodology corresponds to Reuben 
Kessel’s methodology for studying the behavior of 
liquidity premiums in the term structure of interest 
rates. In the present context, subtracting the observed 
inflation rate from the market interest rate removes 
the expected inflation rate, leaving the ex ante real rate 
and a random forecasting error. Kessel subtracted 
observed spot interest rates from corresponding past 
forward rates thereby removing the expected spot rate 
and leaving the liquidity premium and a random fore- 
casting error. Under the implicit assumption of ra- 
tional expectations, Kessel studied the relationship of | 
liquidity premiums to the level of interest rates, but he 
did not claim to have tested that assumption. 
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. as an indication that the ex ante real rate is 
variable or that the market is inefficient, or 
both. In fact, neither market efficiency nor 
the constancy of the real rate constitutes in 
itself a testable hypothesis. If we are willing 
to assume that the market is efficient, then 
our results suggest that variation in the real 
rate is of the magnitude suggested by pre- 
vious studies in the Fisher tradition. 


I. Tests Based on Autocorrelation 
in the Ex Post Real Rate 


_ Fama examines the sample autocorrela- 
tions of the ex post real rate as one test of 
his joint hypothesis. As mentioned above, 
the ex post real rate (EPRR) consists by 
definition of the ex ante real rate (EARR) 
plus a pure forecasting error which will be 
serially uncorrelated if the market is ef- 
ficient. In such a market, any autocorrela- 
tion in the EPRR can be attributed to auto- 
correlation in the EARR. For the monthly 
data consisting of 1-month Treasury Bill 
yields used by Fama and 1-month rates of 
change in the Consumer Price Index (CPJ), 
the sample autocorrelations for lags one 
through twelve computed over the period 
January 1953 through July 1971, are given 
in Table 1.’ The autocorrelations are 
generally small relative to their asymptotic 
standard error (equal to | /-/n) with the ex- 
ception of the seasonal autocorrelation at 
lag 12 months. The Box-Pierce Q-statistic, 
a measure of overall autocorrelation, is 
fairly large and significant at the .10 level, 
but this is due primarily to the seasonal co- 
_ efficient. Autocorrelation in the EPRR need 
not be due to market inefficiency; rather, as 
Fama points out, it could be due to syste- 
matic measurement errors in the Consumer 
Price Index or autocorrelation in the EARR. 
The fact that the sample autocorrelations of 
the EPRR are small was interpreted by 
Fama as an indication of market efficiency 


6For example, see the calculated real rate series by 
Wiiliam Yohe and Denis Karnosky. 

7TWe use the more familar rate of inflation, the 
natural logarithm of the price relative, instead of the 
discrete percent change in purchasing power used by 
_ Fama. Also, our estimated autocorrelations are com- 
“puted as correlation coefficients whereas Fama com- 
puted regression coefficients. 
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TABLE 1—SAMPLE AUTOCORRELATIONS 
OF ONE-MONTH Ex Post REAL RATE, 
JANUARY 1953-JuUNE 197] 


Lag Autocorrelation Lag Autocorrelation 


Í 10 7 —.08 
2 .12 8 -04 
3 —.02 9 -10 
4 -.01 10 09 
5 —.02 11 03 
6 —.0] 12 -18 


Note: Standard Error = .07; Box-Pierce Ọ = 19.4 
(x? with 12 degrees of freedom). 


and constancy of the EARR. However, lack 
of serial correlation in the EPRR is also 
consistent with variation in the EARR 
which is purely random in nature and also 
with market inefficiency in the form of fore- 
cast errors which are larger than necessary 
given available information. What we wish 
to demonstrate here is that even tke rather 
low autocorrelation observed in the EPRR 
could in fact be indicative of rather strong 
autocorrelation and sizable variation in the 
EARR since the latter is being overlaid with 
forecast errors when we observe the former. 

Suppose that the EARR rather than being 
constant is a stochastic process with first- 
order serial correlation coefficient @. De- 
noting the market’s forecasting error for the 
rate of inflation by «e, the EARR by i,, and 
the EPRR by r,, we have 


(1) SSG 


It is easy to show that in an efficient market 
the first-order serial correlation coefficient 
for the EPRR will be related to ¢ by 


po; 
(2) Corr (rat) = 
0; + O 


where o? and g} denote the variances of the 
EARR and the forecast error, respectively. 
It should be clear that first-order autocorre- 
lation in the EPRR may be considerably 
less than ¢ if the variance of forecast errors 
is large relative to the variance of the EARR. 

It is interesting to consider what com- 
binations of autocorrelation and variance 
for the EARR are consistent with low auto- 
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TABLE 2—VALUES OF @ AND o2, AND 
CORRESPONDING VARIANCES AND STANDARD 
DEVIATIONS FOR THE EARR AS AN ANNUAL 

PERCENTAGE RATE CONSISTENT WITH 

Corr(r,, 7:44) = -10 and a2 = 4.32 


Variance of Standard Deviation 

@  EARR,o} of EARR, c; o% 
4 i 44 i 20 i 2 l 

5 1.08 1.04 806 
6 864 924 547 
7 720 852 374 
8 619 .780 -230 
9 547 732 102 
95 508 .708 049 
99 485 696 O10 
999 481 696 001 


Note: The statistic «2, is computed under the assump- 
p 


tion: i, = i +w. 


correlation in the EPRR, say the .10 ob- 
served during the sample period. To do this 
we require an estimate of o?. An upper 
bound estimate of g? would be the variance 
of the EPRR, 5.18 on an annualized per- 
centage basis, since that estimate would at- 
tribute all variation in the EPRR to the 
forecast error. Estimates derived in Section 
HI under less restrictive assumptions sug- 
gest that a conservative estimate (in the 
sense of yielding smaller values of @ and a?) 
for purposes of illustration would be 4.32 
percent on an annual basis. Corresponding 
values of @ and of the variance and stan- 
dard deviation of the EARR in annualized 
percentage terms are given in Table 2. It is 
apparent that low autocorrelation in the 
EPRR may be compatible with substantial 
variation and autocorrelation in the EARR. 
For example, values of @ of .99 or .999 
which would imply behavior approaching 
nonstationarity are also consistent with a 
standard deviation in the EARR of about 
.7 percent or a .95 probability interval of 
nearly 3 percent, assuming normality. 

Even if the EARR were a random walk 
having no long-run mean and unbounded 
variance, we might very well observe sample 
autocorrelations as low as those in Table 1. 
Denoting the hypothetical random steps in 
the EARR by w, so that i = i; + W, it Is 
easy to show that a random walk in the 
EARR would imply that the EPRR is 
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generated by the process 
(3) aua t Wem eH Ly 


which could be thought of as a random 
walk with an autocorrelated disturbance. 
The theoretical autocorrelations for r are 
undefined (as they are for i) but sample 
autocorrelations are of course readily com- 
puted for any finite data series and their 
magnitude will depend on the autocorrela- 
tion properties of the moving average (w, — 
€, + €,;). The analysis given by George 
Box and Gwilym Jenkins implies that the 
sample autocorrelations of r, will tend to be 
quite small if the varianceof w, is small rela- 
tive to the variance of the forecasting errors 
e. In particular, a value of .011 for the 
variance of w, would be implied by our 
estimate of o? and the observed sample 
first-order autocorrelation in r. To interpret 
this, note the last column of Table 2 which 
gives the variance of w,, denoted o2, in the 
stationary process i = di,_; +w, lel < 
l, for the accompanying values of @ and 
o7. The value of o2 computed from the 
formula given by Box and Jenkins under 
the random walk assumption is in fact 
larger than the values in Table 2 for the 
cases @ = .99 and .999. 

We conclude in this section that tests of 
Fama’s hypothesis based on sample auto- 
correlations of the EPRR will have little 
power against alternatives which specify 
economically plausible variation and auto- 
correlation in the EARR or even the alter- 
native hypothesis of a random walk in the 
EARR. 


H. Regression Tests 


Fama also presented tests of the joint 
hypothesis of a constant real rate and an 
efficient market based on regressions of re- 
alized inflation rates p,, on the market in- 
terest rate R,, and past rates of inflation. 
If 6, represents a piece of information about 
p, which is available to the market at the 
beginning of period t, for example, a past 


8Box and Jenkins (pp. 200-01) evaluate the ratio of 
the expectation of the sample autocovariance at lag 
one to the expectation of the sample variance, both, 
conditional on the initial observation in the sample, for 
a process similar to (3). 


? 
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rate of inflation, then the regression of p, on 
R, and 6, would yield a nonzero coefficient 
for ĝ, only if the market were either ineffi- 
cient in its use of available information or if 
the predictive ability of R, were distorted by 
underlying variation in the EARR. Fama 
chose p,_, as a particular 6, and found that 
the coefficient of p,_, was small and not sig- 
nificant. The power of such a test will be 
low, however, if the 6, chosen contains little 
information about p,. 

In order to provide a more powerful test 
of the joint hypothesis of market efficiency 
and the constancy of the EARR, we use the 
past rates of inflation to construct a p, 
which is an optimal extrapolative predictor 
using the methodology of Box and Jenkins. 
While this approach will not generally yield 
a fully rational forecast of p,, it will gen- 
erally be a more efficient predictor than 
Pr- i 
The weights assigned to R, and f, in a 
composite prediction of p, can be related to 
measures of market efficiency and variation 
in the EARR. Define u, as the component of 
information embodied in the market fore- 
cast but not in the extrapolative predictor, 
and v, as the component of information 
embodied in the extrapolative predictor but 
ignored by the market. These random 
variables have variances oj and ø, respec- 
tively, and are uncorrelated with each other. 
The probability limits of the weights as- 
signed to R, and f, in the composite pre- 
dictor of p, are approximately o?2/(o2 + 
o? + of) and (o? + o7)/(o2 + o? + G7), 
respectively, if the EARR is uncorrelated 
with the anticipated rate of inflation. Thus, 
the relative weight assigned to f, will be 
greater than zero if variation in the EARR 
(o?) is nonzero or if the market ignores any 
information available from past inflation 
rates (measured by a?2).!° 


?Rutledge (pp. 57-61) has carried this reasoning 
one step further in the context of a model in which 
expectations of inflation depend on past money growth 
rates as well as past inflation rates. Regressions of the 
EPRR associated with forward Treasury Bill yields on 
these variables ied Rutledge to conclude that the joint 
hypothesis of rational expectations and constancy of 
.the (forward) real rate could not be rejected. 

l0[t should be noted that serially correlated mea- 
surement errors in the CPI might be predicted by A, 
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The autocorrelation structure of the CPI 
monthly inflation series for January 1953 
through July 1971 suggests that the series 
may reasonably be represented as a first- 
order moving average process in its first dif- 
ferences, implying nonstationary behavior 


in the rate of inflation. The estimated model : 


for the 2/53-7/71 period is 


(4) (1 — B)p, = .0222 + (1 — .BO4B)e, 
(.0179) (.029) 
ô, = 2.408 


where e, is a sequence of residuals which 
are the one-step-ahead forecast errors for 
this model and B is the lag operator. The 
forecast 6, of p, implied by this model may 
be written apart from a constant as 


(5) p, = -L1p,_y + (89X.11)pPi-2 +... 
T (.89).11)pi-j-1 Aoma 


FA >, dl = 9) py _j—1 
j=0 


where 0 = .89. Note that the weight given 
to p,_,; in this forecast is very small; inter- 


estingly, it is the same as the regression co-' 


efficient of p,_; in Fama’s regressions of 
p on R, and p,., for monthly data.'! Also 
note that the sample standard deviation of 
the forecast errors e, is larger than‘ our esti- 
mate of the standard deviation of market 
forecast errors, the residuals from the re- 
gression of p,on R, in Table 3, which is con- 
sistent with the hypothesis that the market 
utilizes information beyond that available 
from past inflation rates alone. Reestima- 
tion of (4) over the subperiods 1/53-2/59, 
3/59-7/64, and 8/64-7/71 revealed little 
variation in the estimates of the moving 
average parameter 0. This model can be 
used to predict either the level o,, or. the 
change p, — ,_; in the rate of inflation; in 
either case, the one-step-ahead prediction 
errors are the disturbances e,. 


but ignored by R,, since an efficient market should ig- 


nore these measurement errors in setting interest rates. 
This possibility is observationally equivalent to the 
possibility that the market ignores information con- 
tained in past inflation rates. ` 

li See Fama (1975), Table 4, p. 276, where the regres- 
sion coefficient for p}; is given as .11 for the 1/53- 
7/71 sample period. 


$ 
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TABLE 3 
a B ~ . ĉe R? DW. 
A. Composite Predictors of the Rate of Inflation: 
2/53-7/71 
—.775 969 2.347 .292 1.81 
(358) (1021 


—.641 651 383 2.322 .310 193 
(.359) (.1653 (.158) 


B. Composite Predictors of the Change in the 
Rate of Inflation: 2/53~7/71 
—.774 889 2.333 458 2.07 
(.167) (065) 
— 546 633 .317 2.320 .466 2.03 
~ (.206) (.152) (.170) 


Note: The prediction equations are: 
A. pp = at BR + YÊ + & 
B. (p-p -1)= a + BCR, ~ oi) 
+ (Br — Pr-1) + &% 


(Standard errors in parentheses.) 


Regressions of p, on R, and #, for the 
2/53 to 7/71 period in Table 3 indicate that 
the extrapolative predictor has a large and 
significant weight in the composite predic- 
tor for p,. Since there is evidence that p, is 
not stationary, we also estimate regressions 
which are designed to predict the change in 
the rate of inflation p, — p,_,, using predic- 
tors of the change: R, — pı- and fi — p,-). 

-` Again, the coefficient of the extrapolative 
predictor is large though not as strongly 
significant as for the level of the rate of in- 
flation. 

These composite prediction tests are sub- 
ject to criticism on the grounds that the 
-extrapolative predictors are computed using 
time-series models estimated over the entire 
sample period and thus possibly use infor- 
mation not fully available to the market. 
This is,not likely to be important since esti- 
mates of the parameters of the time-series 
models are quite stable when estimated over 
subperiods. As a check on the sensitivity of 
the results we computed ĵ sequentially, us- 
ing data for 1/43-12/52 to calculate’ fore- 
casts for 1953, then data for 1/44-12/53 to 
calculate forecasts for 1954, and so forth.!? 
We found that the differences in the predic- 


‘2This is essentia_ly the strategy followed by Patrick 
Hess and James Bicksler in their analysis of Fama’s 
regression tests. 
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tive regressions were too small to alter our 
basic conclusions. Ideally, the composite 
weights should be estimated simultaneously 
with the parameters of the time-series 
model by specifying a dynamic regression 
{transfer function) model which includes 
pure interest rate and pure time-series pre- 
diction as special cases. The resulting point 
estimates and their standard errors would 
reflect appropriately the information con- 
tained in the data. Taking this approach we 
embedded the interest rate in the time-series 
model for inflation and obtained the follow- 
ing results for the 2/53-7/71 period: 


(6) (1 — B)p, = .0199 + .577{1 — B)R, 
(0211) (.262) 
(.032) 


ĉe = 2.430. 


If the coefficient of (1 — B)R, is zero, the 
model reduces to the pure extrapolative 
model; on the other hand, if the coefficient 
of e,_; is unity, the model reduces the re- 
gression of p, on R,. Both of these polar 
cases are rejected by the data." 

These composite prediction regressions 
strongly suggest that the EARR is not con- 
stant since, as we have seen, in an efficient 
market “naive” predictors such as f, should 
add nothing to the predictive power of the 
market interest rate. These resulis are con- 
sistent, however, with the hypothesis that 
part of the variation in R is due to the non- 
predictive variation of the EARR. Our re- 
sults also suggest that the market draws on 
information beyond that available from 
past inflation rates (ef > 0) since the weight 
given to the interest rate is large and sig- 
nificant. 

Similar results are obtained when the 
time-series model is expanded to account 
for seasonality which is present in the 
CPI." Since this seasonal autocorrelation is 


i3The observant reader may have noted that 6, is 
larger in (6) where R, is included. than in the pure time- 
series model (4) where R, does not appear. This is due 
to a difference in procedures for computing residuals in 
non-linear least squares which involved “‘backforecast- 
ing” presample data in the case of (4) but not in (6). — 

l4The seasonal model is a multiplicative seasonal 
moving average model with seasonal and ordinary dif- 
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. exploited by the model to increase the pre- 
dictive power of ĝ, it is not surprising that 
the weight given J in composite predictions 
increases from the values of .383 and .317 
in Table 3 to 448 and .627, respectively, 
with roughly corresponding reductions in 
the weights given to R. When R is em- 
bedded in the seasonal time-series model, it 
continues to exert a significant influence. 
Some of the seasonality in the CPJ may be 
due to the fact that prices of certain items 
are not sampled every month. For this rea- 
son we feel it is more conservative to em- 
phasize the results which do not depend on 
predicting seasonal variation. 


lil. identification of Estimates of the Variance 
of the Ex Ante Real Rate of Interest 


Since the joint hypothesis of market effi- 
ciency and constancy of the EARR is re- 
jected by the composite prediction tests, it 
is a matter of some interest to identify an 
estimate of the variance of the EARR in 
terms of observable variables. We approach 
this problem by examining the relationships 
linking the variances and covariances of ob- 
served variables to those of the unobserved 
components of those variables including the 
EARR. We begin with the definitions 


(7) R = pt + i, 
Pi = př +E 


where R, is the observed nominal interest 
rate, př is the unobserved market forecast 
of the inflation rate p,, i is the unobserved 
EARR as before, and «e, is the market fore- 
cast error as before. The variances of R and 
p and their covariances can be estimated 
from data. From these we would like to 
solve for the variances of i, e, p*, and their 
covariances. For a solution to be possible, 
we need to impose enough restrictions to re- 
duce the number of unknowns to three. 
Under the assumption that the market is effi- 
cient, we can eliminate the covariances be- 


ferencing. The moving average parameters are both 
about .9, so that the seasonal and nonseasonal parts 
of the model are very similar. The parameter estimates 
„were again very stable over subperiods. We benefited 
from discussions with Charles Plosser on seasonality 
in the CPI. 
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tween i and e and between p* and «€, since 
both i and p* represent ex ante information. 
If we are willing to assume further that the 
covariance between p* and i is zero (no 
“Mundell Effect”), then the covariance Be- 
tween R and p is simply the variance of 
p* and thus 


(8) ôf = 6h — &p, 


ô? = g? -. Ô Rp 


The same relations hold with regard to vari- 
ances and covariances of changes in the rate 
of inflation (p, — p,.,;) and predicted 
changes in the rate of inflation (R, — p,_;) 
and (př — p,-,). Since there is some doubt 
about the stationarity of p, and R, and 
therefore about the existence of variances 
and covariances, computations in terms of 
changes in the rate of inflation and 
(R, — p,-;) may be preferable. Sample © 
moments for these variables from the data 
used by Fama imply 


(9) 6? = 642 
62 = 4.85 


It is interesting to note that this estimate of 
o?, the variance of the EARR, is quite close 
to those presented in Table 2 which are 
associated with a fairly strongly autocorre- 
lated EARR. 

Ina well-known paper, Robert Mundell 
has argued that an increase in the antici- 
pated rate of inflation will be accompanied 
by a fall in the ex ante real rate. A full 
interpretation of Mundell’s result in a 
dynamic context goes beyond the scope of 
this paper, but it does suggest that the co- 
variance over time between the expected 
rate of inflation or expected changes in the 
rate of inflation and the ex ante real rate 


. may be nonzero. It is clear from the above 


analysis that additional information must 
be added if an estimate of this covariance 1s 
to be identified. Additional information is 
available from the variance of (A, — p;-1) 
and its covariance with (R, — p,_,) and 
{pı — p,-;), although the covariance of 
(A, — pı- with i, (pf —.p,.,) and e will be 
additional unknowns. Market efficiency im- 
plies that the third of these covariances is 
zero, and if we are willing to assume that 


` 
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the covariance between (A, — p,.1) and i 
is the same as that between (p* — p,_;) and 
i, then it is easy to show that solution is 
feasible. The resulting estimates are 


(10) Goto, 1i = Gop, -pihi = 058 
ô? = .585 
62 = 4.91 


The estimated covariance between expected 
inflation and the EARR is positive and so 
small that it causes only a.slight change in 
ô? and @? relative to equations (9). 

This analysis of the variances and covari- 
ances of the unobservable components of 
the interest rate and inflation can be ex- 
tended to the interpretation of regressions 
of p, on R, as reported by Fama. As Fama 
noted, a slope coefficient of unity in these 
regressions would be consistent with the 
hypothesis that the EARR is constant. Since 
the estimated coefficient in this regression 
(Table 3, Panel A) is .969 with a standard 
error of .102, the hypothesis seems to be 
supported by the monthly data. We have 
argued previously in this paper that the rate 
of inflation is nonstationary; thus for pur- 
poses of discussing probability limits it is 


-more appropriate to work with changes in 


the rate of inflation and predicted changes. 
The slope in the change regression (Ta- 
ble 3, Panel B) is .889 with a standard error 
of .065, so this alternative regression would 
seem to cast doubt on the constant EARR 
hypothesis. The probability limit of this 
slope is the ratio of the covariance be- 
tween (p, — p,_;) and (R, — p,_,;) over the 
variance of (R, — p,_;) which is equivalent 
to 


(1 1) plim Pisia 1)(Ry- a m1) 


2 
Tior-p n) E Tiot-po ihi 


2 2 
Olot-p,;) + OF + 20 (o*—4_ i 


This expression will deviate from unity if 
variation in the EA RR is nonzero. The esti- 
mated slope of .889 can be interpreted, 
then, as being consistent with the small 
positive estimate of o¢e_»,_ given in (10), 


and variation in the EARR which is small 
relative to the variation in the predicted 
change in the rate of inflation. 
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These results change in an interesting way 
if the 6 used in the calculations is generated 
by the seasonal time-series model. In this 
case we find 


(12) Bor-e = Fa,-m_1).1 = — 1-03 
6? = 1.67 
6? = 3.82 


Thus there does seem to be a Mundell Ef- 
fect in seasonal variation.” This negative 
covariance between the EARR and the ex- 
pected change in the rate of inflation is 
sufficient to increase substantially the esti- 
mate of the variance of the EARR implying 
a .95 probability range of about 5 percent 
on an annual basis. 

All of these estimates of the variance of 
the ex ante real rate of interest are consis- 
tent with the results of the previous sections 
of the paper. Under a variety of assump- 
tions about the relationships among the un- 
observable components of the market inter- 
est rate and the rate of inflation, we estimate 
the standard deviation of the ex ante 
monthly real rate to be between .7 and 1.3 
expressed as an annualized percentage rate. 


IV. Conclusion 


As Fama noted, it is not possible to test 
the efficiency of the market for U.S. Trea- 
sury Bills without some model for the be- 
havior of the ex ante real rate of interest. 
Conditional on the assumption that the 
EARR is constant, Fama used the sample 
autocorrelation function of the ex post real 
rate and the regression relationship of rates 
of inflation on market interest rates and the 
prior rate of inflation to test market effi- 
ciency. However, those tests may not have 
been powerful enough to lead to a rejection 
of the joint hypothesis of market efficiency 
and constancy of the EARR even if the 
EARR varies as much as has been indicated 
by previous studies. 

We have shown that the autocorrelation 


'5Hess and Bicksler test for and find a negative rela- 
tionship between the level of inflation and the EARR. 
We interpret Mundeil’s analysis as ore which applies 
to short-run shifts in expectations rather than long-run 
movements in the level of expectations such as have 
occurred over the postwar period. 
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function of the ex post real rate of interest 
may be quite close to zero at all lags, even 
if the ex ante real rate varies substantially 
and is highly autocorrelated, because of the 
relatively large variance of errors in expec- 
tations of inflation. In fact, the autocorrela- 
tions of the EPRR may be small even if the 
EARR is a nonstationary stochastic process. 

By examining the time-series properties 
of rates of inflation computed from the 
CPI, we have shown that individual past in- 
flation rates contain very little information 
about future rates of inflation, suggesting 
that Fama’s test based on the regression 
of the inflation rate on the market interest 
rate and the prior inflation rate is not a 
powerful test. To increase the power of the 
regression test we use the time-series prop- 
erties of the rate of inflation to construct 
an optimal predictor of inflation based on 
the past history of inflation rates. The coef- 
ficient of the time-series predictor is large 
and significant in a composite prediction 
regression equation which also includes the 
market interest rate. This result would only 
occur if the market were inefficient in as- 
‘similating information contained in past 
inflation rates, or if variation in the EARR 
distorts the predictive variation in the mar- 
ket interest rate, or both. Thus, by making 
more efficient use of the information about 
future inflation which is contained in past 
inflation rates, we are able to reject Fama’s 
joint hypothesis. 

In order to get estimates of the magni- 
tude of the variability of the ex ante real 
rate, we assume market efficiency and use 
the relationships among the unobservable 
components of the market interest rate and 
the observed inflation rate to identify esti- 
mates of the variance of the EARR. These 
estimates are comparable to those which 
have been derived by others working in the 
Fisher tradition and they indicate substan- 
tial variability in the monthly EARR. 

There are many important issues related 
to measurement errors in the CPI. Certain 
kinds of errors can yield implications which 
are observationally equivalent to market in- 
_ efficiency or variation in the EARR. Other 
~ types of measurement errors could have 
opposite effects on tests of Fama’s hypothe- 
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sis; for example, since the CPI is collected 
in mid-month the beginning-of-month in- 
terest rate has a two week lead on the infla- 
tion rate computed from the CPI. However, 
a full treatment of the effects of measure- 
ment error in the CPI is beyond the scope 
of this paper. In all of our analysis we have 
taken the data at face value and focused on 
the statistical issues raised by Fama’s tests. '® 

Finally, while we are obliged to reject 
Fama’s joint hypothesis, we do feel that 
Fama made an important methodological 
contribution to the literature on interest 
rates and inflation by shifting attention 
from regressions of interest rates on past 
inflation rates to relationships between in- 
terest rates and subsequently observed infla- 
tion rates. Our analysis does suggest that 
expectations of inflation have accounted for 
most of the variation in short-term interest 
rates during the postwar period, and that 
those expectations embody significant infor- 
mation beyond that contained in past infla- 
tion rates alone. 


l6However, we do not agree with Fama (1975, 
p. 274) that the adequacy of the data should be judged, 
ex post, by the outcome of tests of his hypothesis. 


REFERENCES 


George E. P. Box and Gwilym M. Jenkins, 
Time Series Analysis, San Francisco 1970. 

and D. Pierce, “Distribution of Resid- 
ual Autocorrelations in Integrated Mov- 
ing Average Time Series Medels,” J. 
Amer. Statist. Assn., Dec. 1970, 65, 
1509-26. 

E. F. Fama, “Efficient Capital Markets: A 
Review of Theory and Empirical Work,” 
J. Finance, May 1970, 35, 383-417. 

, ‘Short-Term Interest Rates as Pre- 
dictors of Inflation,’ Amer. Econ. Rev., 
June 1975, 65, 269-82. 

Irving Fisher, The Theory of Interest, New 
York 1930. l 

P. Hess and J. Bicksler, ““Capital Asset Prices 
versus Time Series Models as Predictors 
of Inflation,’ J. Finance. Econ., Dec. 
1975, 2, 341-60. 

Reuben A. Kessel, The Cyclical Behavior of the 
Term Structure of Interest Rates, New 
York 1965. 








í 


Interest Rates and Inflation: . - 


The Message in the Entrails 


By EUGENE F. FAMA* 


In “Short-Term Interest Rates as Predic- 
tors of Inflation,” I tested the joint hypoth- 
eses that (1) expected real returns on U.S. 
Treasury Bills are constant through time, 
and (ii) the Treasury Bill market is efficient 
in the limited sense that interest rates on 
bills are based on assessments of expected 
future inflation rates that properly use the 
information in past inflation rates. I con- 
clude that these hypotheses are consistent 
with the data for the 1953-71 period. 

John Carlson, Douglas Joines, and 
Charles Nelson, and G. William Schwert 
present tests that reject my model at stan- 
dard levels of statistical significance. Simi- 
lar negative results were reported in an 
earlier comment by Patrick Hess and James 
Bicksler. 

Taking the data at face value, the evi- 
dence that one can devise tests that reject 
my model is incontestable. However, many 
of the apparent shortcomings of the model 
could be manifestations of systematic mea- 
surement errors in the data. Moreover, the 
deviations from the model, uncovered after 
thorough searching of the data, seem small 
enough that the model remains a useful 
approximation to the world. 


I. The Model and Tests: A Brief Review 


Let R, be the nominal interest rate 
quoted at the end of month t — 1 on a 
Treasury Bill that matures at the end of 
month t. Let E(¥) be the expected value of 
the real return on the bill for the month, 
with E(F) assumed to be constant through 
time. The real return ñ, 


(1) F, =R-4 
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is a random variable, indicated by the tilde, 
because the inflation rate Â, for month t is 
uncertain at the end of month t — 1.! 

With this notation, my model can be ex- 
pressed as 


(2) Ri = E(P) + E(À, | Avi, A-2...) 


that is, the nominal interest rate is the con- 
stant expected real return plus the expected 
inflation rate implied by the information in . 
past inflation rates. Since E(F) is the same 
for all t, all variation through time in the 
nominal interest rate directly reflects varia- 
tion in the expected inflation rate. Alterna- 
tively, rearranging (2) we have 


(3) E(A, | Ai_-1, Åt.) = ~E(r) + R, 


This way of expressing the model empha- 
sizes its implication that the interest rate R, 
set at t — | summarizes all the information 
about the inflation rate from t — 1 to t 
which is in the time-series of past inflation 
rates. Putting this statement in the form 
most relevant for testing, we have 


(4) 
FAW Ri, Ag Aas) = —E(Fr) T R, 


The conditional expected value E(A, | Ri, 
A-1, At_2,...) is the regression function of 
A, on R, and on past inflation rates. Al- 
though these past inflation rates may con- 
tain information relevant for assessing the 
expected inflation rate from t — 1 to t, 
equation (4) says that all of this information 
is summarized in the nominal rate of inter- 
est R,. Once R, is set at t — 1, the informa- 
tion in past inflation rates becomes redun- 
dant for assessing the expected value of A. 


'When continuous rates of change are used, the 
inflation rate is the negative of the rate of change 
in purchasing power, the measure of price change used 
in my 1975 paper and in Carlson’s comment. In line , 
with Nelson-Schwert and Joines, the more familiar 
inflation rate is used here. 
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Since (4) is à proposition about the form 
of a regression function, it can be tested 
with regression techniques. In any estimated 
regression of A, on R, and any function of 
past inflation rates, the coefficient of R, 
should be statistically indistinguishable 
from 1.0, the coefficients on variables repre- 
senting historical inflation rates should be 
indistinguishable from zero, and the resid- 
uals from the regression should be serially 
uncorrelated for all lags. My main tests of 
_these propositions come from estimates of 


(5) A, = ao + aR, + & 


With nominal interest rates on l-month 
Treasury Bills used for R, and with A, esti- 
mated from the U.S. Consumer Price Index 
(CPI), the estimate of a, from monthly 
data for January 1953 to July 1971 is .98, 
with a standard error of .10, and the sertal 
correlations of the residuals from the re- 
gression.are generally within standard sam- 
pling limits. 

Because A, and R, seem to follow pro- 
cesses that are nonstationary in their means, 
Nelson and Schwert are suspicious of the 
regression of A, on R,. Like any regression 
function, however, the role of (4), estimated 
from (5), is io transform A, into a time- 
series of random disturbances &. Most im- 
portant, the disturbances should be serially 
uncorrelated. Since the residuals from the 
estimated regression seem well behaved, the 
regression is well specified and the manipu- 
lations of the data undertaken by Nelson 
and Schwert to achieve stationarity are 
unnecessary. 

Carlson is also unnecessarily worried by 
the nonstationarity of A, and R,. One of his 
main criticisms is that the regression of the 
inflation rate on the interest rate works 
well because of common trends, that is, 
mean nonstationarities, in the two vari- 
ables. My mcdel implies, however, that any 
trends in the expected inflation rate should 
show up in the interest rate. If the two vari- 
ables did not follow common trends, the 
model would be rejected. 

I also estimate the autocorrelations of the 
real return 7, = R, — A,. If the expected 
real return is constant through time, and if 


-” 


A 
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the market’s forecast of À, correctly incor- 
porates the information in past inflation 
rates, then the market will set R, so as to 
offset any autocorrelation in A, with the re- 
sult that the real return 7, is serially uncor- 
related. The first twelve estimated autocor- 
relations of monthly values of A, are on 
the order of .3 (which indicates that past 
inflation rates carry nontrivial information 
about future inflation rates), while the auto- 
correlations of the real returns are close to 
zero (which is consistent with the proposi- 
tion that the nominal rate R, set at time 
t — l appropriately captures the informa- 
tion about A, which is in past inflation 
rates). 


| IJ. The Challenge from 
Optimal Time-Series Predictors 


Given a constant expected real return, 
the autocorrelation function of the residuals 
from the estimates of (5) and the autocor- 
relation function of real returns contain 
evidence relevant for determining whether 
the market appropriately uses the informa- 
tion in past inflation rates when it assesses 
expected future inflation rates. Simply look- 
ing at autocorrelations ‘individually, how- ~ 
ever, as I did, may not effectively isolate 
the information they contain. 

To get a better measure of the informa- 
tion in past Inflation rates, Nelson and 
Schwert, like Hess and Bicksler, use the 
techniques of George Box and Gwilym 
Jenkins to estimate an optimal] time-series 
forecaster of: A,, call it A,, from the past 
values A-1, Ay_2,.... They then find that 
an estimated regression of A, on both R, 
and the optimal time-series predictor Â, 
produces a coefficient for Â, which is more 
than two standard errors from zero. Ap- 
parently Â, contains information about 
A, that is not included in the interest rate 
R, set at time t — 1. However, the coeffi- 
cient of determination in the multiple re- 
gression is .31, as compared to .29 for the 
regression that includes R, alone. Including 
A, reduces the standard error of the regres- 
sion residuals from 2.347 to 2.322. 

The Box-Jenkins forecaster A, is the end 
result of a thorough search thraugh the data 
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whose object is to capture most effectively 
the information in past inflation rates. 
Nevertheless, this time-series forecaster 
makes a small contribution to the predic- 
tion of the inflation rate beyond that given 
by the interest rate alone. The simple model 
which postulates an efficient market and a 
constant expected real return seems to re- 
main a useful approximation to the world. 


III. The Information in the WPI 


In a regression of the inflation rate (esti- 
mated from the CP/) on the interest rate 
and three lagged inflation rates (estimated 
from the U.S. Wholesale Price Index 
(WPD), Joines estimates coefficients for the 
lagged inflation rates that are more than 
two standard errors from zero. In repli- 
cating and extending his results, I find that 
the lags of WPI are proxying for lagged 
inflation effects similar to those uncovered 
by Nelson-Schwert and Hess-Bicksler. The 
evidence is in Tables 1 and 2. Table 1 
shows means, standard deviations, and 
autocorrelations for different variables that 


FAMA: INTEREST RATES 489 


appear in my work and in the comments 


_under discussion. Table 2 summarizes esti- 


mated regressions of the CPI inflation rate 
A, on various combinations of lagged values 
of A,, the interest rate R,, and lags of the 
WPI inflation rate, indicated as W,_,. 

The first four regressions in Table 2A 
compare models for A, based only on, 
lagged values of A, with models of A, based 
only on lagged values of W,. It is evident 
that lags of the CPI inflation rate give a 
better model for the CPI inflation rate than - 
lags of the WPI inflation rate. When A, is 
regressed on A1, A2, and A,_3, the 
residual autocorrelations (the p,) are gen- 
erally within two standard errors of zero. 
Adding a twelfth-order lag or seasonal 
term A,_j. further improves the model for 
A,. The coefficient of determination (R°) 
goes from .203 to .251, and all of the resi- 
dual autocorrelations are within two stan- 
dard errors of zero. In constrast, the regres-, 
sions of A, on only lags of the WPI inflation 
rate have unsatisfactory diagnostics. The 
residual autocorrelations are large and they 


TABLE |—MEANS, STANDARD DEVIATIONS, AND FIRST TWELVE ESTIMATED 
AUTOCORRELATIONS FOR VARIOUS VARIABLES 


Variable 
A ry W, (E/P) -6 ~ 
(CPI) (real return) (WPI) R, R,— Rii (E/P),-6 (E/P)—6-| 
X 00188 .00074 £00123 00262 00001 55 00001 
5(X) 00233 00196 00355 00129 00032 00836 00248 
P1 „37 stl 03 97 —.25 96 — 24 
p2 36 a2 13 95 06 93 07 
p3 27 — 02 — .07 93 Ol 90 04 
P4 .30 —.0! .13 91 15 87 i2. 2 
Ps 28 — 03 — 02 88 — 03 82 03 
PE 28 — 02 19 85 —.05 77 —.03 
p7 25 — .07 07 83 ~ 12 T3 15 
Pg 33 05 17 81 .09 .67 —.09 
P9 35 10 —.02 78 .06 61 07 
Pio 33 10 10 74 — 22 56 —.07 ; 
Pry 26 03 04 72 —.05 50 .06 
P12 36 19 16 70 08 45 —.13 
s(p) 07 07 .07 .07 .07 .07 .07 
BP 262 21 32 1,898 39 1,502 31 


Note: The p, are Box-Jenkins estimates of autocorrelations; s(p) is the approximate standard error of each p, 
under the hypothesis that the true autocorrelation is zero; and BP is the Box-Pierce statistic for the first twelve esti- 
mated autocorrelations. Under the hypothesis that the true autocorrelations are zero, the expected value of BP 


of this study. 


~ and its standard error are 12 and 5.5. These are the relevant mean and standard error of BP throughott the tables 
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' TABLE 2A—ESTIMATED REGRESSIONS OF THE CPI INFLATION RATE (A,) ON LAGS OF THE 
CPI INFLATION RATE (A,_,), ON LAGS OF THE WPI INFLATION Rate (W ary 
AND ON THE ONE-MONTH INTEREST RATE (R,) SET AT THE END OF MONTE t — 1 


R? slà 

1. 00082 -—.239A,_,; +.261A,_2 +.088A,_3 .203 .00203 
(00020) (067) (.064) (.066) 

2. °.00066 +.1984,-, +.215A,-2 +0514 3 +2314 251 .00197 
(00021) (.067) (.067) (.068) (.065) 

3.° 00137 +.189F,_,; +.144W, 2 +.126W,_5 - 187  .00205 
(.00016) (039) (.039) - (.039) 

4. 00132 +.182W,_, +.135W,_. +.134W,_3 +.068W,_12 189 .00205 
(.00017) (042) (.042) (.041) (.040) 

5. 00057 +.0804,_; +.208A,;_. +.261A,-1. +.183W,_; +.069W,_. +.045W,_, -327  .00187 
(00019) (067) (.066) (.060) (.040) (.041) (.040) 

6. -.00068 +.978R, 291 .00196 
. (00030) (102) 

7. ~.00046 +.775R, +.133W,_, +.080W,_, +.073W,_3 .353 .00183 
(00028) (.103) (.036) (.036) (.036) 

8. ~.00044 +.571R, +.151W,_; +.065W,_. +.045W,_3 +.095A,.2 +.204A,_12 .390 .00178 
(.00029) {.120) (.037) (.038) (.038) (.067) (.059) 

9. —.00047 +.593R, +.158W;,_, +.136A,_2 +.207A,_12 -383  .00179 
(00029) (.121) (.038) (.064) (.059) 


Note; Standard errors are shown in parentheses below estimates of regression coefficients. R? is the coefficient of 
determination, adjusted for degrees of freedom; s(e) is the standard error of the regression residuals. 


TABLE 2B-—-AUTOCORRELATION STATISTICS FOR REGRESSION RESIDUALS 


‘Regressions Pi P3 P3 P4 ps P6 P1 Pg} Po Pio Pu Piz SCP) BP 
L -092 —.05 —.08 .08 07 04 -04 .14 .13 05 O01 .20 067 23 
2. ~ 01 -—-01 —-.13 OS O08 --.08 —.03 .11 12 07 00 00 .069 14 
3. 18 24 .O8 16 16 22 .10 .22 .19 .21 16 .33 .067 104 
4, 7 22 05 .12 14 17 O08 22 22 18 14 .29 069 81 
$; ~ 04 —-02 —.13 -.01 O8 09 -.07 .08 .12 08 O01 02 069 14 
6. 1] 12 —.02 -.01 -.02 -.02 -—.07 .05 .10 .10 03 19 .067 21! 
7. 01 09 -07 -.03 ~.02 02 -.11 05 05 .07 03 25 067 22 
8, — 04 Ol —.i6 —.06 02 04 —-.il 04 08 O05 -—.00 06 069 12 
9. ~02 —.00 -—-.14 —.06 04 05 -—.11 05 08 03 -01 06 .069 12 





` Note: The p, are Box-Jenkins estimates of the autocorrelaticns of the residuals; s(p) is the approximate standard 
error of each autocorrelation estimate under the hypothesis that the true autocorrelation is zero; and BP is the 
Box-Pierce statistic for the first twelve residual autocorrelations. 


do not dampen at higher order lags. Thus 
the nonstationarity of the CPI inflation 


tion rate, which are important in the third 
regression, are unimportant when included 


rate, which is evident from the nondampen- 
ing estimated autocorrelations of A, in 
Table 1, remains in the residuals from the 
regressions of A, on lagged WPI inflation 
rates. 

The fifth regression in Table 2 models 
A, in terms of Ai, A2, the seasonal term 
A12, and the first three lags of W,. The sec- 
ond- and third-order lags of the WPI infla- 


along with the lags of the CPI indation rate 
in the fifth regression. On the other hand, 
the first-order lag of the WPI inflation rate 
remains strong in the fifth regression, while 
the first-order lag of the CP/ inflation rate, 
which shows up clearly in the second regres- 
sion, becomes unimportant. All coefficients 
of lagged inflation rates are attenuated 
somewhat when the interest rate R, is in- 
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cluded in the regressions, but a picture simi- 
lar to that described above nevertheless 
emerges. 

From the general “‘jumpiness” of the 
coefficients in the Table 2 regressions, it 
seems clear that the lags of the CP/ and 
WPI inflation rates are picking up similar 
lagged inflation effects. Moreover, taking 
the evidence at face value, the ninth regres- 
sion contradicts my model. There are three 
lagged inflation rates W1, Ay_2, and Ay_y 
whose implications for the expected value 
of A, are apparently not fully incorporated 
into the interest rate R, set at the end of 
month t — I. 


IV. Spurious Lags in Measured Inflation Rates 


Since the simple regression of A, on R, 1s 
buried in the middle of Table 2, one might 
tend to overlook the fact that it competes 
fairly well with the models of the expected 
inflation rate that also include lagged infla- 
tion effects. The interest rate R, set at the 
end of month t — | accounts for about 30 
percent of the variance of the inflation rate 
for month t. After searching rather thor- 
oughly through the data, one uncovers 
lagged inflation variables that absorb only 
an additional 10 percent of the variance of 
A, and provide close to pure white regres- 
sion residuals in place of those, from the 
regression of A, on R,, which have some 
slight hints of gray. Moreover, I now argue 
that the additional contribution of lagged 
inflation variables to the prediction of the 
inflation rate might reflect systematic mea- 
surement errors in estimates of inflation 
, rates that are properly ignored by the mar- 
ket in setting interest rates. 

Consider the way the CPI is constructed.” 
The food and fuel components, about 
25-28 percent of the index, are priced 
monthly in all locations. Almost all compo- 
nents are also priced monthly in the five 
largest cities, and these cities account for a 
little more than 30 percent of the CPI. 
Making a rough correction for overlap, we 


2A detailed description of the CPI is in the BLS 


~ reference. 
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can infer that about 50 percent of the prices 
included in the CPI are sampled monthly. 
Most other prices are collected quarterly, 
but on a rotating basis across locations so 
that there is some revision of prices each 
month. Prior to 1964 prices for nonsampled 
items were imputed, usually from sampled 
prices in the five largest cities. Since the 
1964 revision of the index, prices for non- 
sampled items and locations are generally 
held constant at their most recently sampled 
values. 

Thus, since 1964 about 15 percent of the 
monthly prices reported as changed, those 
for locations sampled during the month 
that are on a quarterly sampling interval, 
reflect changes for the preceding two 
months as well. Since the money prices of 
goods tend to move together, such lags in 
the collection process introduce spurious 
short-term autocorrelation in measured 
monthly inflation rates. Reinforcing these 


spurious short-term autocorrelations, prices . 


of owner-occupied housing, about 6.3 per- 

cent of the total index, are included in the 

CPI as a three-month moving average. 
There are also annual seasonals in the in- 


dex that are to some extent spurious. Some . 


items, for example, college textbooks, are 
only sampled annually. In constructing the 
rental component, about 5.5 percent of the 
total index, the rent on a given apartment 
is sampled every six months, with different 
apartments staggered across months. Most 
rental contracts are only renegotiated an- 
nually, however, so that changes in reported 
rents usually reflect actual changes in the 
rental market over a one-year period. 


The information in past inflation rates 


which the market seems to neglect in setting 
interest rates is suspiciously similar to the 
spurious short-term lags and seasonals dis- 
cussed above. The high performing ninth 
regression in Table 2 includes a significant’ 
seasonal as ‘well as first-and second-order 
lagged inflation terms. The Nelson-Schwert 
optimal time-series predictor of inflation in- 
volves a first-order moving average term, 
and they recognize that predictions’ would 
be improved by including a seasonal. Hess 


~ 


+ 


t 
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and Bicksler include the seasonal and sug- 
gest that a second-order moving average 
term would further improve the predictive 
power of the optimal forecaster, all of 
which is in line with the quirks in the proce- 
dures used to calculate the CPI. 


V. The Wanderings of the Expected 
Real Return 


Although bath null hypotheses, market 
efficiency anc a constant expected real re- 
turn, are surely to some extent false, of the 
two the constant expected real return hy- 
pothesis is on weaker theoretical ground. 
Theory implies that a well-functioning mar- 
ket is efficient in the sense that it correctly 
uses available information in forecasting the 
inflation rate. However, testing market effi- 
ciency, which is the stated goal of my paper, 
always requires a model of market equilib- 
rium which in effect provides specific prop- 
ositions about what the market is trying to 
do when it sets the prices of securities. The 
arbitrary hypothesis that the market sets 
Treasury Bill prices so that it perceives con- 
stant expected real returns plays this role in 
my work. itis cne of many possible devices 
which would allow tests of efficiency to go 
forward; as a model of market equilibrium, 
it has little basis in economic theory. In 
fact, in my 1976 paper there is evidence that 
the expected real return on |-month Trea- 
sury Bills is related to uncertainty about fu- 
ture expected inflation rates, which itself 
seems to wander noticeably during the sam- 
ple period 1953-71. The estimated expected 
real return seems to follow a nonstationary 
process close to a random walk. 

However, the fact that the expected real 
return is not literally constant is not suffi- 
cient to reject the hypothesis of a constant 
expected real return as a simplifying ap- 
proximation for tests of market efficiency. 
The interesting implication of the joint 
hypotheses that the market is efficient and 
the expected real return is constant is that 
all vdriation in the nominal interest rate 
reflects variaticn in correctly assessed ex- 
pected inflation rates. Given an efficient 
market, this remains an interesting approxi- 
mate description of the world as long as 
variation in the expected real return is a 
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small part of the variation in the nominal . 
interest rate. 

In my 1976 paper, I estimate that, like 
the expected real return, the expected infla- 
tion rate follows a process close to a ran- 
dom walk. But its random steps from one 
month to the next have a variance that 
swamps the variance of the month to month 
changes in the expected real return. The 
result is that, at least during the 1953-71 
period, variation in the nominal interest 
rate seems to reflect almost entirely varia- 
tion in the expected inflation rate. Nelson 
and Schwert obtain a variety of estimates 
of the variation in E(#), most of which are 
larger than mine, but their final sentence 
seems to agree with my basic point: “Our 
analysis does suggest that expectations of 
inflation have accounted for most of the 
variation in short-term interest rates during 
the postwar period, and that those expecta- 
tions embody significant information be- 
yond that contained in past inflation rates 
alone.” 


VI. Broadening the Attack on Efficiency 


The tests in my 1975 paper focus on the 
information in past inflation rates. In as- 
sessing expected future inflation rates, an 
efficient or rational market correctly uses all 
available information. Let ¢,_,; be the set of 
information available at t — I and relevant 
for forecasting A,. Then the joint hypothe- 
ses that the market is efficient and that it 
sets bill prices so that expected real returns 
are constant can be expressed as 


(6) E(A, | Ri, Qima) T ~ E(r) F R, 


which is (4) but with the broacer informa- 
tion set @,_, substituted for the time-series 
of past inflation rates. 

In intuitive terms, although ¢,_, contains 
the information relevant for assessing the 
expected value of A,, equation (6) says that 
this information Is summarized in the nomi- 
nal interest rate R,. Once R, is set att — |, 
the information in ¢,_, becomes redundant 
for assessing the expected value of A,. In 
statistical terms, equation (6) is a statement _ 
about the form of a regression function— 
the conditional expected value of A, as 4 
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- TABLE 3A—EsTIMATED REGRESSIONS OF THE CPI INFLATION RATE A, 
AND THE REAL RETURN r, ON THE EMPLOYMENT TO POPULATION RATIO 
(E/P) g AND THE NOMINAL INTEREST RATE R, SET 
AT THE END OF THE MONTH t- | 
t 
Regressions R? s(e) 
l. A, = —.00068 +.978R, .291 .00196 
(.00030) (.102) 
2. A, = —.04851 +.641R, +.088(E/P),_<¢ 357 00187 
(.00988) (.119) (.018) 
3, A, = —.07831 +. 145(E/P),_¢ 276 00198 
(,00868) (.016) 
4, r,= 00068 +.022R, .000 .00196 
(.00030) (.102) 
5, r,= 03182 —.056(E/P),_6 .055 00190 
(.00832) (.015) 
6. r= 04851 +.359R, ~.088(E/P),_6 .088 00187 
(00988) (119) (018) - i 
Note; See note to Table 2A. | 
TABLE 3B-—-AUTOCORRELATION STATISTICS FOR REGRESSION RESIDUALS 
Regressions py; p2 ~~ P3 P4 ps Pó P1 Pe P9 Pio Pu Pn Sp) BP, 
l. „11.12 —.02 -.01 —.02 —.02 —.07 .05 .10 I0 03. 19 .07 2I 
2. 04 03 —.12 —.10 —.09 -08 —.l4 02 06 06 —.02 .17 .07 22 
3. 16 .12 —.0] .03 .03 04 -01 13 15 = .14 OS 21 7 33 
4, J1 2 -02 -.01 -.02 -.02 -.07 05 .10 .10 03 19 .07 2i 
5. O07 O07 -08 : -07 -07 -07 -.12 02 07 08 00 18 G7 20 
6. 04 03 —.12 -10 -09 -08 --.14 02 06 06 -02 17 G7 22 


` Note: See note to Table 2B. 


function of R, and variables in $,_,. It im- 
plies that in any estimated regression of A, 
on R, and any other variables whose values 
are known at t — 1, the coefficient of R, 
should be statistically indistinguishable 
from 1.0, the coefficients on other included 
variables should be indistinguishable from 
zero, and the regression residuals should be 
serially uncorrelated. 

John Carlson examines market efficiency 
in this broader context. His candidate for 
a noninflation variable that can be used to 
improve predictions of inflation is (E/P),_.6, 
the ratio of seasonally adjusted employment 
to population, measured six months before 
the month in which A, is observed. My 
replication of his regression of A, on R, and 
(E/P) g for the 1953-71 period is the sec- 
_ ond regression in Table 3.* Comparing this 


3] thank Carlson for making his data available. 


regression with the regression of A, on Re — 
the first regression in the table, one finds 
that adding (£/P),_5 to the model reduces 
the residudi standard error by 5 percent. 
The contribution of (E/P) is nevertheless 
beyond standard sampling limits, and in- 
cluding it in the equation pushes the coeffi- 
cient of R, well below the value of unity. 
called for by my model. Thus, there is some 
interest in tracing how (E/P),-. does its 
work. 

I have subjected the employmert to pop- 
ulation ratio to the same sort of attack (that 
is, including lags of the CP/ in the multiple 
regression) leveled against the lags of the . 
WPI in Table 2. Unlike the lags of the WPI, 
(E/P) passes the data-dredging gantlet 
with its coefficient and statistical signifi- 
cance unscathed, indicating that this vari- 
able is not just proxying for short-term 
lagged inflation effects. Moreover, the third 


“ 
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regression in Table 3 indicates that a model 
for the expected inflation rate based on 
(E/P). alone does almost as well, in terms 
of coefficient of determination, as the inter- 
est rate model, although it is important to 
note that the interest rate alone produces 
residual autocorrelations that are closer to 
zero. Finally, there is nothing magical 
about the sixth lag of the employment to 
population ratio. In replications of the sec- 
ond and third regressions in Table 3 with 
other short-term lags and even leads of the 
variable, the results are similar to those ob- 
tained with (E/P) s. 

Some of these findings are a consequence 
of the fact that R, and (£/P),_, are mean 
nonstationary series whose levels move 
pretty much together through time. The 
correlation between the levels of the two 
series is about .6. From Table 1 we can see 
that the levels of the two series have similar 
autocorrelations, with individual autocor- 


relations close to one; and the autocorrela- 


tions-of the monthly changes in the two 
series are similar. However, only the general 
movements of the two series are similar. A 
regression of the level of either on that of 
the other for any given short-term lead or 
lag between the series produces high resi- 
dual autocorrelations—on the order of 
those shown for the levels of the series in 
Table 1. The correlations between different 
leads and lags of the monthly changes of 
the two series are low—on the order of .15 
or less. 

Given that the interest rate tracks the ex- 
pected inflation rate, and given that the in- 
terest rate and the employment to popula- 
tion ratio are correlated, it is not surprising 
that (E/P),_¢ likewise appears to track the 


expected inflation rate. But none of this ex- 


plains why, contrary to my model, the em- 
ployment to population ratio seems to 
make a contribution to forecasts of inflation 
beyond that provided by the interest rate 
alone. I suggest two possibilities, both of 
which might contain some amount of truth. 

First, there are systematic measurement 
errors in the CPI in addition to those 
caused by the lags in price collection dis- 
cussed earlier. There is some amount of 
quality change in the items in the CPI 
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which shows up spuriously as price change. 
Since it represents an average across items, 
the spurious component of the measured 
inflation rate which actually represents 
quality change might end up as a nonsta- 
tionary variable whose slow wandering 
through time is spuriously correlated with 
other nonstationary series like the employ- 
ment to population ratio.* Thus some part 
of the marginal contribution of the employ- 
ment to population ratio to the descrip- 
tion of the measured inflation rate might 
represent a spurious component of the in- 
flation rate which is properly ignored by the 
market in setting the interest rate. 

Second, we have spent much space dis- 
cussing measurement errors in the CPI. The 
interest rates also contain measurement er- 
rors. The rates are estimated as averages of 
end-of-day bid and asked prices quoted by a 
particular dealer, Salomon Brothers. The 
prices quoted at the end of the day by 
dealers in this market are not actual trading 
prices or prices at which they would trade, 
but rather they are what the dealer feels to 
be the state of the market; and there is some 
dispersion in the quotes on the same bill 
given by different dealers. When there is 
measurement error in an explanatory vari- 
able, that variable’s coefficient is likely to be 
spuriously attenuated when another vari- 
able with which it is correlated is also in- 
cluded as an explanatory variable in a re- 
gression. This might explain to some extent 
why the estimated coefficient of the interest 
rate in Table 3 declines when the employ- 
ment to population variable is added to the 
inflation regression. 

Since the interest rate is also correlated 
with lagged inflation rates and with time- 
series forecasts of the inflation rate based 
on lagged inflation rates, the same phenom- 
enon might explain the decline in the coeff- 
cient of the interest rate that occurs when 


4The. levels of series that are mean nonstationary 
are likely to be correlated, although not necessarily 
positively, even when the series are generated indepen- 
cently. This problem was originally discussed by 
G. Udny Yule. A more recent treatment is given by 
C. W. J. Granger and P, Newbold. 

>The problem is discussed and illustrated by Merton 
H. Miller and Myron Scholes. 


Pd 


VOL. 67 NO. 3 


different versions of lagged inflation vari- 
ables are included in the regression of the 
inflation rate on the interest rate. In this 
respect, it 1s interesting that the decline in 
the coefficient of the interest rate that oc- 
curs when (E/P) is added to the regres- 
sion is similar in magnitude to the declines 
observed in Table 2 when different versions 
of lagged inflation variables are included. 


VII. The Expected Real Return and (E/ Ph 6 


There is another way to look at the issues 
raised by the employment to population 
ratio that may be helpful. The joint hy- 
potheses that the market is efficient and that 
it sets bill prices so that expected real re- 
turns are constant through time imply 


(7) EF, G1) = EC) 


In words, the model says that the mar- 
ket prices Treasury Bills so that the ex- 
pected real return on a l-month bill from 
the end of any month t — 1 to the end of 
month t is the constant £(#) which is unre- 
lated to values of information variables 
available at t — 1. Equation (7) is a state- 
ment about the form of a regression func- 

tion, the expected value of 7, as a function 
‘of information variables known at t — 1. It 
says that in any estimated regression of the 
real return z, on values of variables known 
at t — 1, the estimated regression coeffi- 
cients of these variables should be statisti- 
cally indistinguishable from zero. 

The last three equations in Table 3 esti- 
mate the regression of r, first on the interest 
rate R, set at t — 1, then on the employ- 
ment to population ratio (£/P),.., and 
finally on the two variables together. The 
results are fascinating. The fourth regres- 
sion says that there is no relationship be- 
tween z, and R, alone. Thus, any variation 
in the underlying expected real return shows 
no relationship to variation in the interest 
rate alone. There is, however, a negative 
relationship between r, and (£/P),_,. The 
expected real return apparently varies in- 
versely with the employment to population 
“ratio, a result which at least some macro- 
economists would find curious. Moreover, 
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when R, is included in the regression along 
with (E/P),_., the coefficient of the latter 
becomes more negative, and the interest 
rate now has a significantly positive coeffi- 
cient. 

There are at least three explanations ‘of 
these phenomena, and they are not mutu- 
ally exclusive. First, we may be measuring 
variation in the equilibrium expected real 
return. It is curious, however, that the vari- 
ation in the expected real return does not 


show up directly in the nominal interest ` 


rate. (That, after all, is the implication of 
the zero correlation between r, and R,.) 
Second, we may be observing a nonsta- 
tionarity in the true inflation rate which is 
overlooked by the market in setting the in- 


terest rate; that is, a market inefficiency has ` 


been uncovered. Finally, we may be wit- 
nessing a nonstationarity in the measured 
inflation rate which is a manifestation of 
measurement error (the spurious effects of 
quality changes suggest themselves), in 
which case the market is to be congratu- 
lated for ignoring this component of the 
measured inflation rate in setting the inter- 
est rate. 

There is no way to choose unambigu- 
ously among these three interpretations of 
the real return regressions, and all of them 
might contain some truth. The important 
point, I think, is that the component of 
the real return or of the inflation rate which 
is correctly or incorrectly overlooked by the 
market in setting the interest rate is a small 


N 


part of the variability of either the real re- ` 


turn or the inflation rate. Thus, from equa- 
tions (1) and (4), the forecasting error of 
my model for any month t is —[#, — E(F)], 
the negative of the deviation of the real re- 
turn from its assumed constant expected 
value. The coefficient of determination in 
the estimated regression of the real return 
r,on (E/P),_sin Table 3 is .055; less than 
6 percent of the variance of the forecasting 
errors of my model can be explained by 


(E/P). Although the employment to , 


population ratio raises interesting and 
largely unresolved questions, we are never- 
theless left with the impression that the 
interest rate captures the largest part of 
what is predictable in the inflation rate. 
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VIII. Conclusions 


The interest in my work taken by scholars 
such as Bicksler, Carlson, Hess, Joines, and 
Nelson and Schwert is gratifying. However, 
the challenges of these authors do not imply 
the joint hypotheses that the Treasury Bill 
market is efficient and that the market sets 
prices so that expected real returns are con- 
stant through time should be rejected as a 
useful description of the Treasury Bill mar- 
ket for the 1953-71 period. 

Taking the data at face value, the interest 
rate remains the best single predictor of the 
inflation rate; and nobody has uncovered 
variables that make substantial contribu- 
tions-to the prediction of inflation beyond 
that provided by the interest rate alone. 
Moreover, one of the more interesting 
propositions of the model, that the largest 
part of the variation in nominal interest 
rates reflects variation in expected inflation 
rates, seems intact. Finally, although the 
model is not an exact description of the 
world, the specific deviations discovered so 
far are to some extent manifestations of 
measurement errors in the estimates of in- 
flation rates and interest rates. 
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overstates income concentration 


Je 


The Measurement and Trend of Inequality: 


Comment 


By Eric R. 


In a recent article in this Review, Morton 
Paglin proposes a measure of concentration 
which he claims will correct the Gini ratio 
for overstatement in populations where 
each individual may be expected to vary his 
income or wealth over his life cycle. The 
Paglin measure suggests that the Gini ratio 
in the 
United States by a third and does not re- 
veal a 23 percent decline in concentration 
which has occurred between 1947 and 1972. 
These results are based on an improper de- 
composition of the Gini ratio. 

In this note I decompose the Gini ratio to 
derive the Paglin measure. It is shown to 
correct for neither demographic nor life 
cycle income effects and to understate intra- 
cohort income or wealth inequality.’ If 
properly normalized, the Paglin measure 
shows that the Gini overstates U.S. income 
concentration by 7 percent or less, and in- 
dicates.a decline in U.S. interfamily income 


_ concentration of less than 12 percent. Four 


ee 


percentage points of this decline are the re- 
sult of demographic change, while less than 
7 points (comparable to the 5 percent de- 
cline of the Gini) are the result of decreased 
income concentration within cohorts of 


*Centre Ivoirien de Recherches Economiques et 
Sociales, Abidjan, and Center for Research on Eco- 
nomic Development, University of Michigan. I am 
indebted to a referee who discovered my use of an 
incorrect data set in an earlier draft. 

1As measured by the Gini ratio, which may not be a 
reliable welfare measure. See A. B. Atkinson, John Fei 
and Gary Fields, and Michael Rothschild and Joseph 
Stiglitz, among others. Graham Pyatt demonstrates 
that the Gini can be interpreted as “the average gain 
to be expected if each individual has the choice of 
being [himself] or some other member of the popula- 
tion drawn at random, expressed as a proportion of 
the average level of income” (p. 4). The Gini is then a 
legitimate welfare measure only within a group of com- 
parable individuals. A cohort may be such a group; 
Paglin correctly suggests that the whole population is 
not. The welfare interpretation of the Paglin measure 
is obscure. 
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family heads. Decomposition further re- 
veals major changes in the division of in- 
come among cohorts and in concentration 
of income within cohorts. These changes 
compensate each other in the Paglin 


measure, the use of which as a measure of ` 


income or wealth concentration is not 
recommended. 


The Gini concentration ratio 


YD Ix a 


e i=l jel 


(1) 





can be disaggregated in the case of grouped 
data into measures of intragroup concen- 
tration and between-group concentration? 


(2) 
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i= 1 


f 





nu iEI jeJs 
fel 


where G; is the intragroup Gini, u repre- 
sents mean (of society or of a group), A, is 
the group’s numerical importance in the 
population (n;/n), and y;is its share of in- 
come (or wealth) n;u;/nu. In the limiting 
case where families are grouped by income 
magnitude, so group distributions cannot 
overlap, then 


(3) 
Q 2 


7 : 
G =D ANG + se Daryl m= Hy 


isl af jel 


where the second term is identical to Pag- 
lin’s age-Gini. 

Income distributions by cohort overlap 
extensively, so Paglin’s use of (3) under- 
estimates the absolute age-income correc- 


tion term? and thus overestimates his~P- 


2Similar manipulation is suggested by N. Bhat- 
tacharya and B. Mahalonobis. 

35 |x| > | £x |, with equality if and only if x “> 0 
for all x. 


ł, 


measure, which becomes 


Q 
(4) P=) yG 
i=! 


This is the sum of the products of three 
terms: the intracohort Gini ratio, the co- 
hort’s size as a fraction of the total popula- 
tion, and its total income share. Even in the 
most favorable case where cohort income 
distributions do not overlap, P is stan- 
‘dardized on neither the demographic struc- 
ture nor the life cycle income profile of the 
population and cannot be recommended as 
a measure of inequality‘ or its change.° 

The Paglin measure is bounded above by 
the Gini rather than by unity; it is not 
homogeneous of degree zero in the demo- 
' graphic and age-income profile of the popu- 
lation, If the P-measure is normalized by 
division by £ i,7; it indicates that the Gini 
overstates U.S. family income concentra- 
tion by 7.5 percent for 1947 and by 8.6 per- 
cent for 1972; standardizing on age- or in- 
come-profile weights or equal weights, as I 
‘have done in Table 1, reduces this over- 
' statement.® 

The change in the Paglin measure over 
time can be decomposed by total differen- 
tiation of (4), yielding 


dà; dy; dG; 
G; i i 
(5). dP = È hy; m a 2 


Estimation of the magnitude of these terms 
does not support the hypothesis that a con- 
siderable decline in inequality occurred be- 


4The changing demoutaphis composition of families 
further complicates the use of such a measure. Alice 
Rivlin provides an overview of the problems inherent 
in the study of measures of inequality among cohorts 
of heads of families or households and in the interpre- 
tation of changes in such measures over time. 

5The Gini ratio may be decomposed for the distribu- 
tion of wealth, for which Paglin claims a P-measure of 
0.50 for 1962 (versus a Gini of 0.76). In a study which 
followed population cohorts from 1947 to 1962—and 
which found an insignificant decrease in wealth in- 
equality within cohorts—John B, Lansing and John 
Sunquist calculate intracohort wealth Ginis between 
0.62 and 0.67 in 1962. This provides further supporting 
evidence that Paglin has understated the degree of 
wealth concentration in the United States. 

6When calculated from equation (2), the “true” 
value of P is 0.069 in 1947 and 0.061 in 1972. If the 
measure had been correctly derived the need for nor- 
malization to the range 0-1 would have been clear. 
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TABLE 1-~-COMPARISON OF THE GINI RATIO AND 
WEIGHTED AVERAGES OF INTRACOHORT GINIS, 
U.S. FAMILIES, 1947 AND 1972 


Change 


1947 1972 (percent) 
Paglin Measure ( P} 0.303 0.239 —23.7 
Published Gini (G) 0.378 0.359 ~5.2 
Intracohort Ginis 
Unweighted average 0.360 0,342 --5.2 
1947 Weights: 
Population (A) 0.358 0.334 ~ 6.6 
Income share (y) 0.356 0.332 ~~ 6.6 
1972 Weights 
Population (A) 0.359 0.337 ~6.3 
Income share (y) 0.355 0.333 ~6.4 


Source: See Table 2 and Paglin. 


tween 1947 and 1972. In Table 2 the Gini 
ratio is disaggregated by factor, and the true 
factors are compared to the Paglin model 
estimates. In Table 3 the change in the Pag- 
lin measure from 1947 to 1972 is calculated 
on the basis of this information. Equal 
weights, /og differences, or standardization 
on either year’s population or age-income 
profile, as summarized in Table 1, do not 
support the Paglin thesis. Laspeyre stan- 
dardization reveals a decrease of only 6.6 
percent in the Gini between 1947 and 1972. 
This decline is comparable to that of the | 
Gini. 

To study the change in the Gini ratio from 
1947 to 1972 I have used Census Bureau 
statistics on the distribution of families by 
income class and by age of family head for 
the two endpoint years. Within cohorts it is 
legitimate to use equation (3) rather than 
(2), since incomes are monotonically or- 
dered by income grouping. The intracell G, 
are assumed to be zero for each cohort- 
income class,’ and the geometric mean of 
cell endpoints approximates cell mean in- 
comes.2 Cohort mean incomes for 1947 


1This leads to a 5-point (1.3 percent) computation 
error for the overall Gini for 1947, and a 6-point (1.8 
percent) error for 1972. Paglin age-Ginis were under- 
estimated by I point (1.2 percent) and 3 points (2.8 
percent), respectively. 

8Use of the geometric mean led to an inconsistent 
estimate for the mean of the open interval (over _ 
$10,000 in 1947, $50,000 in 1972) in most cohorts. Ap- 
proximate estimates were then used to close the in- 
terval and the distributions were reestimated. 


TABLE 2—- DISAGGREGATION OF THE GINI RATIO BY FACTOR 


Age of Family Head: 
14-24 25-34 35-44 45-54 55-64 65+ 
1. Cohort share A . 
a. 1947 .0490 .2173 .2378 2137 1641 1170 | 
b. 1972 .O771 2196 1972 2071 1594 .1359 
2. Income share y 
a. 1947 .0359 .1978 2533 2419 .1826 0885 
b. 1972 .0482 .2035 2249 2573 1737 0324 
3. Cohort Gini G; 
a. 1947 2759 3033 3363 3522 3873 5955 
b. 1972 3340 .3027 3140 3224 3612 4169 
4. Total à y G; ? 
a. 1947 .0005 .O131 .0203 0182 O116 .0052 
b. 1972 .0012 .0135 .0139 0172 .0100 0954 
5. Means g;/u i 
a. 1947 .7328 .9060 1.0654 1.1323 1.1126 .7547 
b. 1972 .6251 .9267 1.1402 1.2428 1.0897 .6619 
Interaction Term With Cohort of: ~ 
1947 1972 
6. 14-24: i ` 
a. True 0144 .O186 0225 0143 .0057 
b. Paglin 005! .0079 .0099 .0057 .0004 
7. 25~34: ` 
a. True >- .0072 .0379 .0473 .0298 OLE 
b. Paglin 0019 0092 . 0144 .0057 008 1 
8. 35~44: 
a. True .0111 .0419 ‘0353 0222 008 I 
b. Paglin .0039 .0083 .0042 0016 .0132 
9. 45-54: 
a. True 113 .0433 .0420 0216 .0079 
b. Paglin .0042 .0106 .0034 .005! 0168. 
10. 55~64: f 
a. True .0087 .0335 .0326 .0282 .0075 
b. Paglin .0031 .0074 .0018 .0007 * 0095 
11..65+: 
a. True .0037 .0142 .0140 121 .0100 
b. Paglin 001 .0039 .0087 0095 .0069 


Source: U.S. Bureau of the Census: No. 5, Table 5; and No. 87, Table 3. 


TABLE 3-—-CHANGE IN THE PAGLIN MEASURE BY COMPONENT, 1947 To 1972 


Age of Family Head: Average Weighted by:° 
14-24 25-34 35-44 45-54 55-64 65+ Population Income Total 


Percentage Change 


1, Cohort 57.3 0.6 -17.1 -—-3.)) -29 19.1 —3.9 ~4.8 -4.3 
2. Income 34.2 2.9 —I11.2 6.4 —4,.9 4.5 —1.3 — 1.5 -1.3 
3. Gini 21.1 ~0.2 -6.6 -8.5 -6.7 —-17.5 —6.6 ~6.6 6.5 
4. Total 155.5 3.3 —31.3 -5.7 ~138 2.6 — 13.1 —13.7 -© ~—14.8 
5. Means — 14.7 2.2 7.0 9.8 -2.1 -12.3 

Interactions: . 

6. True 79.6 0.2 -138 —1.7 -1.7 25.5 

7. Paglin 120.7 33.2 38.3 77.7 75.4 65.5 


“Source: See Table 2. 
“Weights are Laspeyre weighting based on 1947 population. Use of 1972 weights or difference of logarithms 
does not lead to a substantial difference. 
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were estimated using the median/mean 
- ratio for 1972, when both statistics are 
available.? Tke elements of Table 2 cor- 
respond to those of equation (2), with the 
exception of the Paglin interaction (rows 
6-11(b)) which are calculated from (3), and 
the cohort mean incomes (row 5, equal to 
row 2 divided by row 1). 

It is obvious from rows 6-11 of Table 2 
that the Paglin age-Gini interaction terms 
underestimate the true income overlap be- 
tween cohorts by as much as 98 percent 
(row 10, col. 4, or row 11, col. 2) for 1947. 
Paglin’s version of P is thus a biased version 
of the true P in (4), as is clear from the ele- 
ments of P in row 4. These terms are more 
than one order of magnitude less than the 
Gini, and would not have been recom- 
mended as a measure of “‘perfect inequality” 
comparable to the Gini. Although intra- 
cohort Ginis (row 3) are independent of the 
age-income and demographic profiles of the 
population, they are of the same size as the 
overall Gini and give only modest support 
to the Paglin claim that the Gini overstates 
inequality: in Table 1, various weighted 
sums of these Ginis “correct” the published 
Gini by 4 to 7 percent, rather than the ont- 
third claimed by Paglin. 

The change in the components of the 
Gini, shown in Table 2 and summarized in 
Table 3, show that the Paglin measure—like 
any index—-can conceal large compensating 
changes in its components. Minor increases 
in inequality among the cohorts most well 


off can compensate for major decreases in, 


inequality among the poorer cohorts. Un- 
like other indices, however, “goods” and 
“bads? can compensate in the Paglin 
measure. For instance, the mean income of 
the oldest cohort has not kept up with the 
population mean income (Table 3, row 5) 
while intracohort inequality has decreased 
(row 3); the aging of the population has 


Under reasonable assumptions such as lognor- 
mality of the income distribution, this will overstate 
yand thus overestimate the P-measure for 1947. The 
decline in the P-measure shown in Tables 2 and 3 
thus overstates the true decline and provides a strong 
test for our contention that Paglin has overestimated 
this decline. 
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made these factors compensate in the Paglin 
measure, which evaluates as a good the 
larger percentage of more equally poor old 
persons. It is also clear that the P-measure 
does not standardize on the age and income 
structure, since although the change in 
intracohort inequality is the largest single 
determinant of the change in P (row 3), 
demographic effects are nearly as impor- 
tant (row 1) and changes in the age-income 
profile are not inconsequential (row 2). 
While the inequality factor in equation (5) 
declined 6.5 percent, the cchort weights 
caused a 3.9-4.8 percent decline. Last, the 
changes in the interaction terms, reflecting 
an equalization effect, move in the opposite 
direction from changes in the true interac- 
tion for the cohorts 35-64 (row 7, as com- 
pared to row 6 for the true). A large part of 
the “true” Paglin measure consists of over- 
lap between cohort income distributions, 
and the change in this interaction over time 
is much greater than changes in inequality 
within cohorts. 

Morton Paglin has claimed that by his 
adjustment of the Gini ratio for the age- 
income profile of the population: 


... we not only avoid cumbersome data 
problems, but we open up to explicit 
examination the meaning of perfect 
equality. We also separate the issue of 
intrafamily variation in income over 
the life cycle (accounting for one-third 
of Lorenzian inequality) from the more 
basic issue of interfamily differences in 
lifetime incomes. An application of the 
new concepts to U.S. income and 
wealth data reveals that estimates of 
inequality have been overstated by 50 
percent, and the trend of inequality 
from 1947 to 1972 has declined by 23 
percent. [p. 608] 


I have demonstrated that the Paglin 
measure does not isolate the issue of intra- 
family income variation from that of inter- 
family differences even in the ideal case esti- 
mated by Paglin; in reality this measure 
understates inequality seriously where co- 
hort income distributions overlap. Last, 
investigation of the factors influencing the. 
Paglin measure provides no substantiation 
of his claim that inequality decreased from 
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1947 to 1972. Paglin has correctly noted 
that the traditional Lorenz measure of con- 
centration overstates inequality, but he has 
not provided an acceptable alternative in- 
dex. 
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The Measurement and Trend 


of Inequality: Gomment 


By WILLIAM R. JOHNSON* 


In arecent article in this Review, Morton 
Paglin proposes a remedy for the well- 
known. failure of measures of current in- 
come inequality to account for life cycle 
effects. Paglin’s approach is to subtract 
from the conventional Gini coefficient of 
current income inequality an “age-Gini,” 
which represents the inequality of average 
income across age levels. The result, dubbed 
the “‘Paglin-Gini,” is intended to measure 
the extent of permanent lifetime income in- 
equality in a stationary economy.!' Paglin 
then, shows that his measure of lifetime in- 
come inequality has fallen in the recent past 
in the United States despite the near con- 
stancy of the Gini coefficient as conven- 
-tionally measured. Paglin also constructs a 
Lorenz‘curve of the interage distribution of 
income and argues that divergences of cur- 
rent income from this Lorenz curve should 
be the true measure of permanent income 
inequality. Using this age-adjusted Lorenz 
curve, he then concludes that the share of 
the bottom fifth of the permanent income 
distribution has increased. 

The purpose of this comment is to show, 
first, that Paglin’s adjusted Gini coefficient 
will always underestimate the true extent of 
lifetime income inequality. Secondly, given 
the actual pattern of age effects on earnings 
in the United States, Paglin’s estimate of the 
progress in the relative income share of the 
bottom of the income distribution will be 
overstated. 

Although Paglin advances no formal 
model of income determination, I propose 
avery simple model which, I believe, cap- 
tures the essence of Paglin’s thinking. Let 
there be six equalsized population groups 
with three age levels (subscripted by k) and 


*University of Virginia. 

l As Paglin points out, this will not be the medsure of 
income inequality we would obtain if lifetime incomes 
were known precisely for each person, because of 
economic growth. 
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two permanent income levels (subscripted 
by i). Current income for each cell, Y, is 
the sum of permanent income and the age 
effect: 


(1) i= 1,2 


k = 1,2,3 


where P; is the permanent income of group 
i and A, is the age effect of group ik. The 
effect of age on income is zero over the life- 
time: 


Y = Pi + An 


3 
(2) > 4220 in 1,2 
k=l 
Let us first consider the case in which age 
effects are independent of permanent in- 


come: 


y i = 12 
(3) k= 1.23 


It can be shown that the Paglin-Gini is al- 
ways less than or equal to the true in- 
equality of permanent income. The proof is 
straightforward. For a discrete distribution, 
the Gini coefficient of current incomes (Pag- 
lin calls it the Lorenz-Gini) is 


Y, = P; + Ax 


where K is a term which depends on the size 
and the mean income of the population. 
Calculating (4) for incomes given by (3), we 
derive 


(5) Gy = 2K) P= Pal + 214 


~ A,| + 2|A, -— 43] + 2143 - Aj | 
3 3 


> > Sap ae Pa + Ay = Aull 


fel kel 
jæk 


. 


Similar calculations can derive the age-Gini 


i 
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(G,) and thé Gini of permanent income 
(G,): 

- A;| +4|A3—- 4,1] 
(7) Gp = 2K(9| P; - Pol] 
It is clear that Paglin’s measure (G; — 
is less than Gpif, and only if, 


(8) -2|4;, -A| -2| A, - 43| 


. 3 3 
asdal Pi ae 


jel kel 
jzk 


+ A; — A, | <6] P, = P; | 
By the well-known property of absolute 


values that|a + b| < |a| + |b|, we 
know that 


G4) 


(9) EIP- P+ 4, sA 


j=l k=] 
jæk 


< 6| Pi- P,| + 2]A, -4| 
+2!A, — A;| +2|4;- 4,| 


Therefore, as long as the age effects are not 
all zero, the strict inequality in (8) holds, 
and the Paglin-Gini understates permanent 
income inequality. 

We now turn to the situation in which 
age effects are not independent of perma- 
ment income. Although the bias in the over- 
all Paglin-Gini is not necessarily greater 
than in the model described by (3), Paglin’s 
estimate of the relative share of the bottom 
of the income distribution will likely be 
biassed upward. For simplicity, consider 
the six-cell model when age affects only the 
high permanent income group: 


ow 


(10) ‘Y = Pi k= 1,2,3 
Ya = Pa + A, 
P, < P: 


This is a simplification of the data Paglin 
presents in Figure 2a (p. 600) in which age 
effects are clearly greatest for those with the 
greatest permanent income. The theory of 
human capital and on-the-job training 
‘would also predict such a result. Three 
other assumptions are also consistent with 
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the data: 
(11) A, <Q <A, 
A, < Ay N 
Ya > Yu i 


That is, the age effect for the youngest age 
group is most negative, yet current income 
for this group (young high permanent in- 


come) is still greater than that for the young 


low permanent income group. 
Consider first the ideal measure of üi- 
vergence between the .actual income share 


of the bottom of the permanent income dis- 


tribution and the share under permanent in- 
come equality. This measure, the one we 
would use if we could observe permanent 
incomes, for the bottom sixth of the per- 


manent income distribution in our example ` 


_ is simply: 
(12) (P — P,)/6P 
where = (P, + P,)/2 


Paglin’s measure, on the other hand, sub- 
tracts the actual share of the lowest sixth: of 
the current income distribution from the 
share of the bottom in the interage group, 
distribution: 


(13) 


Clearly Paglin’s measure of divergence (13) 
is less than the true measure (12) if and only 
if A, < 0, which is true by assumption. Only 
if age effects are identical for all permanent 
income groups will Paglin’s measure not be 
biassed. 

The intuitive reason for this result is that 
by assuming that all income groups ex- 
perience the same age effect, Paglin im-, 
plicitly overestimates the lifetime incceme of 


(P + A,/2 — P,y/6P 


young (and old) low-income workers. By. 
ascribing the average age income pattern to .- 


workers with the lowest incomes, Paglin 
understates the permanence of their low in- 
come status. Furthermore, the biasses be- 


come greater the more young and old ’ 


workers there are in the population. 
Paglin blames recent increases in the pro- 


portion of young and old in the population ' 


for the failure of the share of the bottom of 


is 


p 
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‘the current income distribution to reflect 
the (hypothesized) increase in the share of 
the bottom of the permanent income distri- 
bution. Hewever, the data do not neces- 
sarily bear out this conclusion. For ex- 
ample, between 1969 and 1974, the fraction 
of total households headed by a person 14 
to 24 years old or 65 years and older, rose 
from 26.3 percent to 28.3 percent. At the 
same time, the proportion of these house- 
holds among households in the bottom fifth 
of the money income distribution fell from 
59.6 percent to 57.0 percent.” Thus, while it 
is Clear tha: the young and old constitute a 
disproportionate number of low income 
workers, it does not necessarily follow that 
the apparent stability of income inequality 
is attributable to the changing age composi- 


2See U.S. Bureau of the Census, p. 5. 
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tion of the population.? Likewise, while 
measures of current income inequality 
clearly overstate the degree of permanent 
income inequality, Paglin’s adjustments are 
likely to understate lifetime inequality of 
incomes. 


3]t is, of course, partly attributable to another demo- 
graphic trend, the rise of the female-headed household. 
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_ The Measurement and Trend of Inequality: 
Comment | 


By SHELDON DANZIGER, ROBERT HAVEMAN, AND EUGENE SMOLENSK Y* 


In the September 1975 issue of this Re- 
view, Morton Paglin posits a new summary 
statistic, the ‘““Paglin-Gini,’” which he uses 
to measure and analyze the level and trend 
of income inequality in the United States. 


Y This measure intends to recognize only in- 


come differences among families unrelated 
to the observed age-income profile as con- 
tributing to meaningful income inequality. 
This is to be contrasted with the standard 
Lorenz-Gini, in which all differences in in- 
come among living units contribute to in- 
equality. Paglin’s measure indicates sub- 
stantially less inequality in the United States 
than is indicated by the Lorenz-Gini. More- 
over, Paglin-inequality falls considerably in 
the post-World War I period while other 
measures indicate very little change in in- 
equality over this period. 

Paglin is addressing an important prob- 
lem. For the postwar period when the age 
distribution, the length of time spent in 
school, and the propensity of the young and 
the old to form their own households have 
all changed rapidly, the trend in the con- 
ventional Gini coefficient has no obvious 
normative interpretation. However, it is 
often given one. Unfortunately, Paglin’s 
proposed index of inequality does not meet 
its objective and, even if it did, its norma- 
tive content would be no clearer than that 
of the standard measure. Indeed, no single 
indicator is sufficient to capture trends in 
normatively relevant inequality without 


*Institute for Research on Poverty, University of 
Wisconsin Madison. We gratefully acknowledge the 
support of funds granted to the Institute for Research 
on Poverty at the University of Wisconsin by the De- 
partment of Health, Education and Welfare pursuant 
to the provision of the Economic Opportunity Act of 
1964. Support was also provided by the Netherlands 
Institute for Advanced Study. We want to thank 
“David Betson, Katharine Bradbury, and Alan Cohen 
for valuable suggestions. The opinions expressed are 
solely our own. 
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further analysis. Like any other time-series, 
a time-series of inequality must be ap- 
proached with a well-specified, multivariate 
model. 

After describing Paglin’s procedure in the 
next section, we challenge his measure in 
Section II. In Section IH, Paglin’s inter- 
pretation of policy-relevant inequality is 
questioned, and in Section IV the implica- 
tions of the Paglin-Gini for the equity of the 
transfer system are analyzed. Section V is a 
summary of our critique. 


J 


The Paglin-Gini can be calculated for any 
size distribution of income, if the relation- 
ship between age and income is known from 
the same data. By ranking age cohorts from 
lowest to highest mean income and cumu- 
lating the percentage of observations (for 
example, families, households) and of in- 
come, a Lorenz-type curve is obtained 
which Paglin calls the P-reference line. The 
deviation of this curve from the 45 degree 
line of equality is to depict the inequality in 
incomes attributable to the relationship be- 
tween age and income. This inequality is 
measured by a Gini coefficient which Paglin 
calls the age-Gini. The age-Gini measures 
the inequality which would exist if there 
were no variance around the mean income 
of each cohort, but there were differences 
among the means. Deducting the age-Gini 
from the standard Lorenz-Gini yields the 
Paglin-Gini. The Paglin-Gini is intended to 
measure the inequality attributable to the 
variation around the mean income of each 
cohort. 

Paglin’s purpose is to partition the area 
between the 45 degree line and the Lorenz 
curve into two parts: that inequality which 
to him is economically functional and, 
hence, of no concern for public policy, and 
the remaining inequality which one may or 
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TABLE |—LORENZ- AND PAGLIN-GINI COEFFICIENTS, 1965 AND 1972 
1972 Gini Holding Constant 
at the 1965 Level: 
Cohort-Specific Distribution Mean 

, Actual Gini of Households Income Actual 

1972 Coefficients by Cohort by Cohort 1965 

” (a) (2) (3) (4) (5) 

T. Lorenz-Gini .4043 4024 3936 3994 3885 
I. Age-Gini 2344 2344 2164 2298 2073 A 

HI. Paglin-Gini .1699 .1680 .1772 .1736 1812 


Sources: Computations by authors from Survey of Economic Opportunity, 1966 end 
the Current Population Survey, 1973, based on census money income for all househald 


units classified into 24 groups. 


(1) Actual 1972: 1972, cohort means, 1972 cohort distribution, 1972 cohort-specific 


Gini coefficients. 


(2) 1972 cohort means, 1972 cohort distribution, 1965 cohort-specific Gini coeffi- 


cients. 


(3) 1972 cohort means, 1965 Kalen distribution, 1972 cohort-specific Gini coeffi- 


cients. 


(4) 1965 cohort means, 1972 cohort distribution, 1972 cohort-specific Gini coeffi- 


cients. 


(5) Actual 1965: 1965 cohort means, 1965 cohort distribution, 1965 cohort-specific 


Gini coefficients. 


may not choose to alter, depending on nor- | 


mative judgments. We will refer to this 
latter portion of inequality as nonfunctional 
or policy-relevant inequality. Functional 
inequality in .this instance “‘... reflects 
' society’s need for varying income over the 
life cycle as well as other basic facts relating 
to productivity, investment in human re- 
sources, and the work-leisure preferences of 
households, but only in an average way in- 
sofar as these factors express themselves 
through the age variable” (Paglin, p. 602).! 


II 


Paglin implies that the Paglin-Gini mea- 
sures only that portion of inequality due to 
‘variations in income within cohorts. He 
states that the change in the Paglin-Gini 
between 1947 and 1972 “reveals the decline 
in interfamily inequality of income unob- 


'Paglin recognizes that others may choose a parti- 
tion different from his age-related partition. Paglin’s 
approach, it should be noted, is one proposed and then 
rejected over two decades ago by George Garvy. While 
Paglin’s choicz of age as the basis for defining func- 
tional or optimal inequality is explicit, he provides no 
explanation for choosing this variable, although there 
may be one. 


scured by changes in the age-income profile . 
and in the age composition of the popula- 
tion” (p. 605). However, as N. Bhattacharya 
and B. Mahalanobis earlier demonstrated, 


the Paglin-Gini depends upon 1) the distri- 


bution of households by cohort, 2) the 
mean income of each cohort (the age-income 
profile), and 3) inequality within the co- 
horts. In Table 1, where we represent inter- 
family inequality by cohort-specific Gini 
coefficients, we illustrate the Bhattacharya- 
Mahalanobis result by showing that the 
Paglin-Gini is sensitive to all three com- 
ponents, 

Row I shows the actual Lorenz-Gini for 
census money income for all households 
in 1972 (col. 1) and in 1965 (col. 5), By this 
measure inequality increased from .3885 to 
4043 over the period.? Columns 2, 3, and 4 


*The Gini coefficients in Table | differ from those in 
Paglin’s Table 3. Paglin’ s Ginis are based on a division 
of families into 6 age cohorts. We classify all house- 
hold units into 24 mutually exclusive cohorts by type 

of living unit (family or unrelated individual) and sex 
of head, in addition to the 6 age classes used by Paglin. 
A similar analysis on only family units (Paglin’s con- 
cept of recipient unit) classified into 20 age classes was 
also performed. The substantive findings were un- 
affected, 
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in row I are a series of standardized Lorenz- 
Ginis, each of which holds constant one of 
the age-related sources of inequality: the 
mean income by cohort in column 4; the 
distribution of households by cohort in 
column 3; and the cohort-specific Ginis in 
column 2.3 Thus, the Lorenz-Gini in column 
4 (.3994) reveals what inequality would have 
been in 1972 if there were no change in the 
mean income of cohorts from 1965 to 1972, 
while the other two determinants changed 
over time as observed. Because the actual 
1972 Gini (.4043) exceeds the column 4 
Gini, it follows that the change in cohort 
mean incomes raised Lorenz-inequality 
over the period. Indeed, because the actual 
1972 Gini exceeds each of the values in 
columns 2, 3, and 4, each of the three com- 


3Gini coefficients are insensitive to proportional 
transformations: multiplying each individual’s income 
by a constant leaves the Gini coefficient unaffected. 
We make use of this fact to construct Table 1. To de- 
rive column 4, we assign each household to its cohort 
and calculate the mean income of each cohort for 1965 
and 1972. Then, we multiply each household’s income 
in 1972 by the ratio of the mean income of its cohort 
in 1965 to the mean in 1972. Since the incomes of all 
households within a cohort have been multiplied by a 
constant, the cohort-specific Gini coefficients are as in 
1972. The number of households in each cohort is also 
as in 1972. However, since incomes across cohorts 
have been multiplied by the relevant different amounts, 
mean incomes by cohort are as in 1965. 

Column 3 is derived by first counting the number 
of households in each cohort in 1965 and in 1972. To 
hold mean incomes by cohort and cohort-specific Gini 
coefficients at their 1972 levels while replicating the 
1965 distribution of households among cohorts re- 
quires two steps. First, we gave each 1972 household a 
weight which is the ratio of the number of households 
in its cohort in 1965 to the number in its cohort in 
1972. Second, we multiplied the 1972 aggregate in- 
come of each income class within a cohort by the same 
ratio. Since the number of households in every cohort 
and their aggregate incomes are multiplied by the same 
constant, cohort means and Gini coefficients are at 
their 1972 magnitudes. However, the distribution of 
households across cohorts is as in 1965, 

Column 2 requires three steps combining the stan- 
dardizations of columns 3 and 4. To hold the cohort- 
specific Gini coefficients at their 1965 magnitudes 
while maintaining the 1972 distribution of households 
among cohorts and the 1972 pattern of mean incomes 
by cohort we begin, in this instance, with the 1965 
number of households in each cohort. Then, we 
~multiply each household’s income in 1965 by the ratio 
of the mean income of its cohort in 1972 to the mean 
in 1965 (the reciprocal of the ratio used to obtain 
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ponents contributed to growing Lorenz- 
inequality over the period. 

Rows II and III present the age- and 
Paglin-Ginis for 1965 and 1972, and the 
same standardizations. The 1965 and 1972 
values in row II (cols. 5 and 1) show that 
the actual age-Gini increased from .2073 to 
.2344, Since the age-Gini does not account 
for intracohort inequality, the remaining 
two sources of inequality must have pro- 
duced that result. The age-Ginis in columns 
3 and 4 of row II are both less than the 
actual in column | verifying that changes in 
both the distribution of households among 
cohorts and in the mean incomes across co- 
horts contributed to the increase in the 
actual age-Gini. 

The Paglin-Gini is defined as the dif- 
ference between the Lorenz- and age-Ginis 
and is shown in row III. Columns | and 5 of 
that row indicate that Paglin-inequality fell 
from .1812 to .1699. Because of this change, 
Paglin claims that nonfunctional inequality 
—which he associates with income dif- 
ferences within cohorts—has_ decreased. 
However, as the values in columns 2, 3, and 
4 indicate, that is not the case. Because the 
values in columns 3 and 4 are above the 
1972 Paglin-Gini value of .1699, both of 
these sources—the distribution of house- 


col. 4). Each household within a cohort and the aggre- 
gate income of each income class in that cohort are 
then weighted by the ratio of the number of house- 
holds in the cohort in 1972 to the number in the cohort 
in 1965 {the reciprocal of the ratio used to obtain 
col. 3). Since the incomes of each cohort are multiplied 
by the same constant (a product of two ratios) and the 
number of households in each cohort has bezn multi- 
plied by a constant, the cohort-specific Gini coeffi- 
cients remain at their 1965 magnitudes. These transfor- 
mations yield the 1972 pattern of mean incomes by 
cohort and the 1972 distribution of households among 
cohorts. Note that this is the information required to 
compute Paglin’s age-Gini. The age-Gini in column 2 
which results from the transformed 1965 data is iden- 
tical to the age-Gini in column | computed from the 
actual 1972 data as the age-Gini does not reflect intra- 
cohort inequality. The Lorenz-Gini coefficients differ 
as this source of inequality is reflected in the measure. 
While these standardizations are illustrative they do 
not partition the difference between the 1965 and 1972 
Lorenz-Gini coefficients into additive terms which just 
exhaust the total. For a discussion of the difficulties 
associated with decomposing Gini coefficients, see 
Graham Pyatt. ; 
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holds.by cohort and the mean income of 
cohorts—ccntributed to a reduction in 
` Paglin inequality. As column 2 indicates, 
however, the change in the cohort-specific 
Gini coefficients led to an increase in 
Paglin-inequality between 1965-72. This, 
then, is the besis of Paglin’s misperception 
of his own measure. Like the Lorenz-Gini, 
changes in the Paglin-Gini reflect- the com- 
bined impact of all three sources of in- 
equality, and not simply changes in within- 
cohort inequality, as Paglin suggests.* While 
all three sources contributed to the increase 
in Lorenz-inequality from 1965 to 1972, 
two of the sources operated to decrease the 
Paglin-Gini. Ironically, only the-changes in 
the cohort-specific Gini coefficients con- 
tributed to the increase in Paglin-inequality 
over this pericd. 


MI 


Apart from the difficulty in interpreting 
changes in inequality with the Paglin-Gini, 
there is the normative question raised by 
Paglin’s procedure of establishing each 
period’s partition between functional and 
nonfunctional (or policy-relevant) inequality 
from that period’s observed age-income 
profile. Presuming that some partitioning of 
inequality based on life cycle considerations 
is meaningful, it does not follow that all 
changes in any of the determinants of the 
age-income profile should be exempt from a 
policy judgment or a policy response, as 
Paglin’s procedure implies.° 

This point can be illustrated with a simple 
heuristic model. Assume that the set of 


4Paglin is correct in asserting that the age-Gini is 
insensitive to changes in within-cohort inequality as 


, shown by row II, columns | and 2. 


SAcknowledging the weaknesses of the Lorenz-Gini 
as a standard o7 equality since it does not allow for life 
cycle income variation, it would seem more appropriate 
to confront the life cycle needs issue by a collectively 
established norm reflecting a social judgment on the 
constitution of life cycle needs. Such a norm would be 
immune from transitory changes in the myriad of 
variables underlying any year’s observed age-income 
“profile. Reflecting a collective judgment on age-related 
needs, this norm would be analagous to the official 
U.S. poverty definition, and like that definition, 
would change cnly after explicit deliberation. 
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underlying determinants of the measured 
P-reference line in any year is exhausted by: 


A: The distribution of inherent physical 
and mental capabilities by age; 

- The returns to “learning-by-doing”’ (ex- 

perience) by age; 

- The returns to investments in human 

capital by age; 

Income transfers by age; 

Returns from physical capital by age; 

- Earnings effects of labor-leisure choices 

by age; 

: Distribution of families by age. 


Q madS N b& 


In Figure 1, the likely effect on the age- 
income profile of determinants A-F is 
depicted. Holding tastes for work among 
age cohorts (at, say, the average for the 
population) constant, inherent capabilities 
A would likely give the age-income profile a 
slight peak, because of declining capabilities 
after some age. The addition of work ex- 
perience B would tend to increase income 
with age until the marginal return to ex- 
perience falls to zero. Similarly, the returns 
to education C would add income at all 
ages, but especially young and middle ages, 
again increasing the peakedness of the pro- 
file. To the extent that public income trans- 
fers D and returns from nonhuman capital 
E favor the old relative to the young and 
middle-aged cohorts, the income line would 
continue to rise throughout but would be 
less peaked. Finally, adding variations in 
hours worked due to leisure-income pref- 
erences F would lead to a decrease in ex- 
pected income for aged cohorts and increases 
for the young and middle aged.’ This de- 
terminant contributes substantially to the 
peakedness of the age-income profile. The 
cumulative effect of all these variables is 
the observed age-income profile—the heavy 


6Determinant G does not influence the age income 
profile. However, because it is used*to weight observa- 
tions on that profile in calculating the P-reference line, 
it is reflected in the age-Gini. 

?The oversimplicity of this scheme becomes obvious 
at this point. Labor-leisure choices depend not only on 
tastes but also on the incentives created by the other 
determinants, notably D. A more complete model” 
would account for these interdependencies. 
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FIGURE 1. COMPONENTS OF THE 
AGE-INCOME PROFILE 


lined +B+C+D + E + F. The more 
peaked the age-income profile the higher 
the age-Gini, ceteris paribus. However, the 
P-reference line derived from the age- 
income profile—and the age-Gini which is 
calculated from it—reflects one additional 
variable: the distribution of units by age, G. 
The heavier the concentration of units in 
cohorts with income far from the average 
income over all ages (represented by the 
dotted heavy horizontal line), the greater 
the age-Gini. 

This, then, is the sort of framework which 
underlies the derivation of the P-reference 
line and Paglin’s partitioning of inequality 
into that which is functional and that on 
which normative policy judgments must 
focus. Because his partitioning is an annual 
exercise, any change in variables A-F lead- 
ing to increased peakedness in the age- 
income profile, or any change in the age dis- 
tribution toward cohorts whose expected 
income is above or below the mean, will 
cause an increase in functional inequality 
(the age-Gini), an increase in the Lorenz- 
Gini, and an indeterminate effect on the 
Paglin-Gini. 

To illustrate the problems posed by such 
an approach for evaluating the historical 
record, return to Table 1. As noted, because 
each of the Ginis in columns 2, 3, and 4 of 
row I is less than .4043, each of the three 
. determinants of the Lorenz-Gini contributed 
to the increase in inequality over the period. 
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Row III, however, tells a conflicting story. 
For example, column 4 shows that if the 
1965 cohort mean incomes had persisted 
through 1972, the Paglin-Gini would have 
been .1736 rather than the observed .1699— 
implying that the observed change in the 
pattern of mean incomes by cohort reduced 
inequality as measured by the Paglin-Gini. 
A similar contradiction holds for the change 
in the distribution of households among 
cohorts (col. 3). These contradictions arise 
because a change in any of the three com- 
ponents alters both the Lorenz-Gini and the 
age-Gini, but alters them by different 
amounts. In this particular case, changes in 
the pattern of mean incomes by cohort al- 
ters the age-Gini by a greater absolute 
amount than the Lorenz-Gini, Hence, Pag- 
lin’s preference for the scenario of row III 
relative to that of row I requires that he ac- 
cept this larger impact of the changing pat- 
tern of cohort mean incomes as reflecting a 
functional source of growing inequality not 
reflected when the same effect is simply 
standardized out of the Lorenz-Gini (as in 
row I). 

To further illustrate this problem in Pag- 
lin’s measure, suppose that a transitory 
change in the pattern of returns to ex- 
perience had been responsible for the in- 
creased peakedness in the pattern of mean 
incomes among the age cohorts. In par- 
ticular, assume that it resulted from a rise in 
the minimum wage, a consequence of which 


is that large numbers of young workers face - 


intermittent unemployment. Assume further 
that the increased steepness of ihe profile 
raises the age-Gini more than the Lorenz- 
Gini. Does Paglin really wish to claim that 
in this circumstance the degree of inequality 
with which policy makers should be con- 
cerned has been reduced? Paglin’s method 
requires an affirmative answer to this ques- 
tion. The burden of demonstrating why this 
should be so falls on him. 


IV 


Another issue raised by Paglin’s paper 
concerns the use of inequality measures for 
evaluating the effectiveness of public in- 
come transfer programs. This matter has 


+ 
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both normative and empirical aspects, 
which we will consider in turn. 

Implicit in Paglin’s framework is a cri- 
terion for judging the effectiveness of in- 
come transfers, if the objective is to reduce 
inequality. An income transfer is ‘‘Paglin- 
efficient” only if it reduces the variation of 
incomes within an age cohort; transfers 
which involve intercohort redistribution are 
by, definition ‘‘Paglin-inefficient.”” Thus, 
given a fixed value of income to be re- 
distributed, the largest decrease in the 
Paglin-Gini can be obtained only through 
strictly intracohort transfers. 

A criterion for judging the effectiveness 
‘of income transfers is also implicit in the 
Lorenz-Gini. Any transfer from a house- 
hold with high current income to one with 
low current income is Lorenz-efficient with- 
out regard to the age of the household head. 
To the extent that the current income of the 
young and the old are downward-biased 
measures of economic welfare, Lorenz- 
efficient transfers may be judged ineffective. 
While Paglin’s measure avoids this problem, 
it creates another. Transfer programs which 
are widely supported—-for example, the 
Social Security system—turn out to be 
‘Paglin-inefficient. 

The difference between Lorenz-efficient 
and Paglin-efficient transfers is illustrated 
in Table 2. The first panel depicts a hypo- 
thetical economy of 6 units divided equally 
between two age cohorts. The young cohort 
has a mean pretransfer income of $150; the 
old cohort a mean of $50. The second panel 
shows the economy after $150 of Paglin- 
efficient transfers have been made. (The 
numbers in parentheses are the positive and 
negative transfers.) By undertaking these 
transfers, complete Paglin-equality is 
achieved with all individuals within an age 
cohort having the mean income of that co- 
hort. Notice that in this Paglin-efficient 
transfer program, the young individual with 
$150 of pretransfer income pays no taxes, 
while the old individual with but $90 of in- 
come pays $40 in taxes. The income range 
has fallen from $250 to $100. In the third 
panel, a more conventional tax-transfer 
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` TABLE 2—-ALTERNATIVE TRANSFER SYSTEMS 


Age 
Cohort 
Individuals Mean 
2 3 Income 
Pretransfer Income 
Young $40 $150 $260 $150 
Old 10 50 90 50 
Posttransfer Income 
{after $150 of Paglin- 
efficient transfers) 
~ Young 150 150 150 150 
(+110) (0) (—110) 
Old 50 50 50 50 
(+40) (0) (40) 
Posttransfer Income 
(after $150 of 
conventional transfers) 
Young 90 120 150 120 
(+50) (~30) (—110) 
Old 80 80 80 80 


(+70) (+30) (-—10) 


system designed to eliminate both high and 
low income extremes, regardless of age, is 
depicted. Again, the total transfer budget is 
3150. The highest taxes are imposed on 
those with the most income; the poorest re- 
ceive the largest transfers. Through this 
scheme, the mean income of the young co- 
hort has been reduced and that for the old 
cohort has been raised. Indeed, Paglin- 
equality has been achieved for the old co- 
hort, and the range of incomes has been 
reduced from $250 to $70. By Paglin’s cri- 
terion, the transfer system represented in 
the second panel is efficient; that in the third 
panel is not. However, the transfer system 
in the third panel achieves a greater reduc- 
tion in Lorenz-inequality than that in the 
second panel. More importantly, it does so 
without taxing away more income from 
poorer individuals than from those with 
higher incomes. Which of these two out- 
comes is preferred depends on the precise 
meaning of “young”? and “old.” Where 
young and old refer to age cohorts for which 
current income is a satisfactory proxy for 
economic welfare, the Lorenz standard 
would be preferred; for those cohorts in 
which current income deviates from eco- 
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nomic welfare, Paglin’s criterion might be 
appropriate.’ 

In this context, it should be noted that, as 
calculated, the age- and Paglin-Gini co- 
efficients incorporate transfers which are by 
definition Paglin-inefficient, since Paglin’s 
income concept is census money income.? 
For example, in 1972, mean pretransfer in- 
come of aged male-headed families was 
$5337 while mean census money income was 
$8372. Public cash transfers have grown 
from a few billion dollars in 1947 (the first 
year of Paglin’s time-series analysis) to a 
level 20 times that amount in the last year 
of his analysis.° Because the bulk of this 
growth has been in age-related Social Se- 
curity benefits, the shape of the age-income 
profile over time is significantly affected. 
Consequently, Paglin’s income profiles are 
based on an inappropriate definition of in- 
come which biases his conclusions on the 
trend of functional inequality in the postwar 
period.!! 


8Again, it should be emphasized that any transfer 
which alters the age-income profile will change both 
the Lorenz-Gini and the age-Gini. Consider, for ex- 
ample, a transfer scheme which taxed the middle-aged 
rich and transferred to the young and old poor, such 
that no person taxed had less aftertax income than any 
person benefitted had after the transfer. Clearly, such a 
scheme reduces Lorenz-inequality. Yet, in Paglin’s ap- 
proach, the transfer would reduce the peakedness of 
the age-income profile, and shift both the P-reference 
curve and the Lorenz curve toward the 45 degree line. 
While the Lorenz-Gini and the age-Gini would un- 
ambigiously decrease, the Paglin-Gini might rise, fall, 
or remain constant. 
Census money income includes wages and salaries, 
dividends, interest, rents, and cash transfers before 
` taxes, but excludes capital gains, in-kind transfers, the 
services of owner-occupied housing, and benefits of 
publicly provided goods and services. 
10According to the Current Population Survey (CPS), 
public cash transfers totalled $80 billion in 1972, more 
than 10 percent of market generated income. 
11Were income measured properly there would still 
be a problem. Paglin’s age-income profile is derived 
from an implicit regression model in which income is 
taken to be dependent on age and age alone. There are 
several reasons for doubting that such a regression 
would yield an unbiased estimate of the determinants 
of functional inequality as defined by Paglin. On the 
one hand, age is not a good proxy for important mar- 
ket factors which determine the age-income profile— 
«work experience, the value of benefits from investing in 


There is a further point. Paglin accepts 
the different age-income profile in census 
money income in each year as socially 
optimal. Because public transfers are in- 
cluded in this income definition, Paglin has 
rejected the optimality of the age-income 


profile generated by the market. Yet no ex-. 


planation is given as to why this particular 
combination of the market and political de- 
cisions should yield the optimal profile.” If 
one is to rely on the observed profile as a 
norm, a more consistent position. would ‘be 
that either the market alone or the market 
plus all political decisions would yield a 


superior measurement. Apparently it is the ` 


ready availability of published data which 
has dictated Paglin’s choice of income con- 
cept." 


~ 





human capital, and tastes for income vs. leisure. On 
the other hand, age is collinear with race, urban-rural 
location, education, size of city of residence, and other 
variables which Paglin would presumably wish to in- 
clude in his definition of nonfunctional or policy-rele- 
vant inequality, Thus, if age were the only independent 
variable the estimated profile would be biased. An in- 
dication of the bias can be obtained by regressing 
family income first on only age and (age)? and then on 
these two variables plus other economic and demo- 
graphic variables and comparing the coefficients on the 
age variables. When such regressions were estimated 
with microdata from the 1972 CPS, the coefficient on 
the age variables changed substantially. The estimated 
age-income profile was significantly more peaked in 
the first regression. The coefficients were 855.6 and 
—9,3, respectively, and the age-income profile was: age 
20, $13,392; age 50, $19,533; and age 60, $17,861. In 
the more comprehensive regression, we added dummy 
variables for region (3), city-type (3), race of head (1), 
and sex of head (1); while family size, education and 
(education)? entered continuously. The age and 
(age)? coefficients change to 657.4 and —6.2, respec- 
tively, and the age-income profile becomes age 20, 
$10,682; age 50, $17,454; and age 60, $17,145. 

12In the age-income profile used by Paglin, nonwage 
income, influenced in part by inherited wealth, is also 
included. While Paglin presumably would not wish to 
include income differences stemming from inherited 
wealth differences in his category of functional in- 
equality, to the extent that nonwage income from in- 
herited wealth is not age-neutral, his empirical pro- 
cedure does just that. 

3A lternatively Paglin could employ the age-Gini of 
pretransfer income in deriving the P-reference curve 
and then subtract it from the posttransfer Lorenz- 
Gini. This two-step comparison, however, could.not 
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V 


For both normative and computational 
reasons, then, we are led to reject the new 
measure of inequality proposed by Paglin, 
and with it the reliability of his conclusion 
that “estimates of inequality have been 
overstated by 50 percent” (p. 608), and that 
- since 1946 there has been a considerable re- 
duction in net inequality. We have argued 
that his decision to base a definition of non- 
functional inequality on annual age pat- 
terns of posttransfer income (as opposed to 
pretransfer or “full income”) is arbitrary 
and without a rationale, leads to biased esti- 
mates of the trend of postwar inequality, 
and limits the usefulness of his measure as a 
gauge of the redistributive effect of income 
transfer policies. 

Paglin has provided a new measure of in- 
‘equality which is not unique, since “Once 
we cast aside the socially unrealistic 45 de- 
gree line of equality, we are free to generate 
new reference lines corresponding to ex- 
plicit and reasonable definitions of equality, 
equity, or Pareto optimality” (p. 599). An 
inequality measure which allows for life 


be calculated from published data and a major ad- 
vantage of the Paglin measure would be lost. Further- 
more, Garvy demonstrated that the subtraction of 
Gini coefficients from separate underlying distribu- 
tions is uninterpretable. 
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cycle variations 1s appealing. However, such 
a standard requires an explicit judgment on 
the optimum life cycle pattern, and relying 
on annual observations of an arbitrarily ob- 
served pattern is unsatisfactory. Indeed as 
we have tried to make clear, the normative 
underpinning of the Paglin-Gini would be 
at odds with conventional notions of equity, 
even if it were successfully measured. 
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The Measurement and Trend 
of Inequality: Comment 


By JosEPH J. MINARIK* 


Morton Paglin’s recent article in this Re- 
view is an important contribution to the 
analysis of the distribution of income. He 
argues convincingly that inequality of in- 
comes on a life cycle basis would exist even 
in a perfectly equalitarian society. He then 
provides a clear and simple technique by 
which inequality in excess of that related to 
the age-income profile can be measured. 
Paglin finds that on this basis the degree of 
inequality in the distribution of income fell 
significantly over the quarter century from 
1947 to 1972; that is, the difference between 
the actual distribution and that which 
would have obtained if each family received 
the mean income for its age group de- 
creased. 

Paglin’s conceptual approach is a mean- 
ingful improvement over consideration of 
Gini coefficients without reference to under- 
lying population change. At the same time, 
the Paglin technique raises further ques- 
tions which shadow his conclusions on the 
trend of inequality. The objective of this 
comment is to discuss some of these ques- 
tions and suggest alternative applications of 
the technique; the results will indicate that 
Paglin’s technique must be used with cau- 
tion for conclusions regarding the trend of 
inequality to be fairly drawn. 

The remainder of the comment will be 
divided into three sections. The first will 
consider Paglin’s selection of the age-in- 
come profile as a measure of “permissible” 
income inequality. The second will examine 
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The research on which this comment is based was sup- 
ported by a grant from the National Science Founda- 
tion. The opinions expressed herein are mine and 
should not be attributed to the officers, trustees. or 
“staf members cf the Brookings Institution, or to the 
National Science Foundation. 
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the distribution of total family income as an 
indicator of equality. The third section will 
be a brief conclusion. 


I. How Much Inequality is Inevitable? 


Paglin’s central point is that perfect 
equality is an unrealistic goal for incomes 
measured over a one-year period. Most 
economists agree that greater equality of 
lifetime incomes is the real objective (ab- 
stracting from long-term growth of real in- 
comes) and that inequality on a short-term 
basis is inevitable and tolerable. Paglin 
identifies the inequality of incomes by age 
as a basic source of inevitable inequality in 
annual incomes, because younger and older 
workers are not as productive as workers of 
prime age. He then reasons that the least 
inequality we could expect would be perfect 
equality along the age-income profile (that 
is, all workers of the same age have the 
same income, while incomes of young and 
old workers are below the mean). The Pag- 
lin-Gini is the difference between the Gini 
coefficient for the actual distribution and 
the Gini coefficient which would have ob- 
tained had there been perfect equality along 
the age-income profile, the age-Gini. Paglin 
chooses the family as his unit of observa- 
tion, omitting unrelated individuals, and 
uses total family income as his income 
measure. He computes Paglin-Gini, age- 
Gini, and Lorenz-Gini coefficients using 
data for 1947 through 1972 and finds a fall- 
ing trend of the difference between each 
year’s age-Gini and Lorenz-Gini. 

Paglin assigns the increase in the age-Gini 
(the degree of inequality of the age-income 


profile) to “*... the expansion of higher ed- 


ucation ... and to the increase in the per- 
cent of the aged and young adults in the 
population” (p. 604). His technique mea- 
sures the excess of inequality over that 
caused by the trend toward a less favorable 
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age-income profile in the Paglin-Gini, but it 
does not explicitly allow for the inequality 
caused by increased investment in higher 
education.' In a perfectly equalitarian 
society individuals could still have a free 
` choice to postpone their working years and 
invest in further schooling, and thereby 
earn a fair return on their capital and op- 
portunity costs in the future. It would seem 
to be a reasonable exercise to relax Paglin’s 
implicit assumption that all families with 
heads of the same age should have the same 
income regardless of the schooling of the 
head, and exclude from the area of excess 
inequality that caused by increased human 
investment. Indeed, one could include other 
family attributes as factors leading to “‘in- 
evitable” inequality—the sex of the family 
head, the number of earners, even the color 
of skin. Which factors should be considered, 
and whether they should be considered for 
diagnostic purposes (“Al things considered, 
what has been happening to the income dis- 
tribution?”’) cr for policy-making purposes 
(“What should we do, if anything, about 
the income distribution?) must be de- 
termined according to personal values as 
well as scientific principles. Calculations 
will be presented here for a simple and rela- 
tively uncontroversial variant of Paglin’s 
technique: measuring inequality around 
separate age-income profiles for classes of 
families whose heads have similar school- 
ing. 

These calculations will be made here 
through an aze-schooling-Gini coefficient, 
which will be calculated from the income 
distribution which would obtain if all fami- 
lies had the mean income of the class of 
families with their head of the same age and 
schooling.” Testing the joint effects of age 
and education on income inequality re- 
quires the use of a microdata set to provide 


1I have noted the trend toward a less favorable age- 
income profile over time and provided quantitative 
estimates of its effect in my doctoral dissertation. My 
conclusions on the distributional effect of higher ed- 
ucation are diametrically opposed to those of Paglin, 
as will be evident shortly. 

2The age categories used here are the same as Pag- 
lin’s: 14-24, 25-34, 35-44, 45-54, 55-64, and 65 and 
over. The schooling categories are incomplete ele- 
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income cross tabulations. The broadest 
time span of data sets similar to Paglin’s 
source is the Current Population Survey 
(CPS); the 1967 and 1971 through 1974 in- 
come years were available to the present 
author. The CPS is the survey on which the 
aggregate data used by Paglin are based, 
but it is not available as a microdata set for 
income years before 1967. 

Columns (2) through (4) in Table 1 are 
recalculations of Paglin’s Paglin-Gini, age- 
Gini, and Lorenz-Gini coefficients using the 
available Current Population Survey files. 
The income distribution is almost constant 
in 1967 and 1974 while Paglin’s Paglin-Gini 
falls, showing an unfavorable shift in the 
age-income profile. Paglin argues that the 
distribution has become more equal apart 
from this shift. 

Columns (4) and (5) in Table 1 show the 
age-schooling-Gint and the adjusted Paglin- 
Gini coefficients. These figures show a dis- 
tinctly different trend from the Paglin-Gini 
and age-Gini.** The age-schooling-Gini 


mentary school, complete elementary school, complete 


elementary school plus some high school, complete 
high school, complete high school plus come college, 
and complete college. 

3The adjusted Paglin-Gini is lower than the Paglin- 
Gini simply because it includes another dimension of 
inequality, that on the basis of schooling, in the area of 
“inevitable” inequality. The level of these coefficients 
is obvious and uninteresting; what is of interest is their 
relative trends. 

4The Gini coefficients used here were calculated by 
the formula 
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where G is the Gini coefficient, N; is the number of 
cases in the ith class, T; is the total income in the ith 
class, and there are/ = 1, n classes ranked by income. 
The income classes were hundred dollar intervals from 
—$9,900 to $50,000. No spline function such as Pag- 
lin’s was used because most of the present exercises 
utilized a large number of cells and a spline function 
would not affect the measured trend of inequality. 
Paglin’s Lorenz-Gini coefficients are .355, .356, and 
359 for 1967, 1971, and 1972, respectively. The figures 
here are within 3 percent of Paglin’s; the reason for the 
understatement is the truncation of incomes above 
$50,000 in the Public Use Samples for purposes of 
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TABLE 1—MEASURES OF INEQUALITY OF DISTRIBUTION OF TOTAL INCOME AMONG FAMILIES; 
_ SELECTED YEARS, 1967-72 
(Figures are rounded) 


Year Lorenz-Gini Age-Gini 
(1) (2) (3) 

' 1967 346 107 
1971 351 115 
1972 354 116 
1973 B52 15 
1974 349 L16 


Age- Adjusted 
Paglin-Gini Schooling-Gini Paglin-Gini 

(4) (5) (6) 

.238 -180 .166 
.236 .185 .166 
.239 .18! Aq: 
237 181 ATL 
.233 180 16 


Sources: Derived from Current Population Survey March Income Supplement Public Use Sample data tapes of 


1968 and 1972-75. 


TABLE 2—MEASURES OF INEQUALITY OF DISTRIBUTION OF EARNED INCOME AMONG FAMILIES; 
SELECTED YEARS, 1967~72 
(Figures are rounded) 


Year Lorenz-Gini Age-Gini 
(1) (2) (3) 
1967 396 144 
1971 AlS 161 
1972 421 .163 
1973 .423 167 
1974 427 170 


Sources: See Table 1. 


hardly changes over the period, resulting in 
an increase in the adjusted Paglin-Gini. So 
while the Paglin-Gini, using the age-income 
profile for a base, finds a 2 percent decrease 
in inequality, the adjusted Paglin-Gini, 


based on separate age-income profiles for 


groups with different schooling attainments, 
finds a 2 percent increase in inequality. 


: IJ. What Kind Of Income Should Be Measured? 


Paglin’s measurements and all those thus 
far in this comment have been made on 
total family money income. Total income is 
an acceptable proxy measure of potential 
consumption within the year, but we might 
also want public policies to equalize the dis- 


confidentiality. Paglin’s Paglin-Gini coefficients are 


.245, .237, and .239, respectively; again my figures are 
well within 3 percent tolerance. Paglin’s Paglin-Gini 
‘coefficients could be used in the textual analysis with- 
kour in any way affecting the conclusions. Column (4) 
equals column (2) minus column (3); column (6) equals 


‘column (2) minus column (5). 


A 


` 


Age- Adjusted 
Paglin-Gini Schooling-Gini Paglin-Gini 

(4) (5) (6) 

253 216 .179 
254 231 185 
258 227 193 
256 231 192 
258 235 192 


tribution of earned income. Paglin uses his 
results to refute the claim that “*... there has 
been no significant reduction of inequality 
from 1947 to 1972 despite the massive 
spending on education and training pro- 
grams, the more generous cash and merit 
good transfers, and the legislative and judi- 
cial actions directed at bringing minorities | 
and underprivileged groups into the main- 
stream of the economy” (pp. 603-04). 
While Paglin’s results may say something 
about potential consumption, they do not 
bear at all on the bulk of the rhetoric in this 
statement, which suggests equality in earn- 
ing power. Accordingly the earlier calcula- 
tions in this comment were duplicated for 
earned income, including wages, salaries, 
and farm and nonfarm self-employment in- 
come as defined by the Census Bureau. 
Table 2, which shows these recalcula- 
tions, is a much less attractive picture to the 
equalitarian than Table 1. All of the mea- 
sures—the Lorenz-Gini, the Paglin-Gini 
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and adjusted Paglin-Gini—show increasing 
inequality, the Lorenz-Gini by 8 percent, 
the Paglin-Gini by 2 percent, and the ad- 
justed Paglin-Gini by 7 percent.’ 

Obviously the results in both Section I 
and Section II of this comment are strictly 
limited in coverage. The time period, con- 
strained by deta availability, is quite short; 
macroeconomic conditions shroud any 
long-term trend information available.® The 
point, however, is simple, and it stands clear 
of the limitations: measurements of in- 
equality depend totally on what you mea- 
sure and how you measure it, and Paglin’s 
technique is no exception. 


IHI. Conclusions 


It is necessary in closing to restate an 
appreciation of Paglin’s contribution to the 


study of income distribution. He has pro-. 


vided a simple and eminently useful tool for 
distribution analysis. 

This comment made two major criti- 
cisms: 1) Paglin’s age-Gini, or measure of 
inevitable income inequality in a short-term 
period, could well include population at- 
tributes beyond the simple age-profile of in- 
come. One simple addition made here, the 
use of separate age-income profiles for dif- 
ferent schooling classes, completely re- 
versed Paglin’s trend in inequality over an 
admittedly but necessarily short period. 2) 
In measuring our progress towards a truly 
“equalitarian” society, it was suggested that 
the distribution of earned income might be 

` 


5These results are not affected by excluding house- 
holds with head 65 and older from the calculations, 
or by changing the income concept to total income less 
public transfers. The results would be affected by ex- 
cluding families with no earned income from the calcu- 
lations; this will be discussed’ briefly in the conclusion. 

6Linear regressions indicate that a higher unemploy- 
ment rate significantly increases the Paglin-Gini. 
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a more appropriate indicator than that of 
total income. A duplication of the earlier 
calculations on total income revealed a far 
more pessimistic picture than Paglin’s. The 
conclusion is that both a baseline inequality 
measure and an income measure must be 
explicitly chosen before conclusions can be 
drawn from Paglin’s technique. 

There are two empirical factors at work 
in these results which will be important in 
future work on income distribution. One is 
the dramatic shift in relative rewards of 
highly educated workers. The recent low re- 
turns of young, highly educated family- 
heads have much to do with Paglin’s sharply 
peaked age-income profiles and his rising 
age-Gini coefficients. The falling returns to 
higher education raise important questions 
about the meaning of lifetime income 
equality and the future shape of the income 
distribution. 

The second factor is the grawing propor- 
tion of families who have no earned income 
at all. While the distribution of earned in- 
come among families with such income has 
become more equal, this trend is reversed ~* 
when families with no earned income are 
taken into account.’ It is this factor which 
challenges the record of public policy and 
Paglin’s assertion of a trend toward greater 
equality. 


7See my dissertation, chapters 1 and 8. 
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The Measurement and Trend of Inequality: 
Comment 


By C. JOHN KURIEN* 


In a recent article in this Review, Morton 
Paglin argues that his “more basic” mea- 
sure of interfamily income inequality, which 
he calls the Paglin-Gini, obtained by sub- 
tracting the age-Gini from the Lorenz-Gini 
enables him to capture true variations in 
income by removing the effects of variations 
in income due to age. This note comments 
on some theoretical and statistical issues 
underlying Paglin’s method and interpreta- 
tion, clarifying the meaning of what he has 
attempted to do and some of the limitations 
of his method and interpretation. 

As Paglin recognizes (fn. 3, p. 601), Gini 
coefficients are monotonically related to 
standard deviations. For a given population 
size n, the Gini is then monotonically re- 
lated to the total variation in income ao’. 
Following traditional analysis of variance 
procedures, this total variation may be par- 
titioned into components in various ways, 
one such partitioning being between age re- 
lated variation no? and its residual or 
“Paglin-variation,” noj = na? —noj. If 
Gini coefficients are constructed for these 
partitioned variations, we get the age-Gini 
and the Paglin-Gini. The procedure is also 
equivalent to calculating the standard error 
of estimate from a regression of age on in- 
come using a suitable non-linear function 
(as Paglin uses) and associating the stan- 
dard error of estimate to Paglin-Gini while 
the standard deviation of incomes is asso- 
ciated with Lorenz-Gini. Age-Gini is asso- 
ciated with the variability “explained” by 
age. Therefore, it is clear that the usual cau- 
tion given to interpretations in analysis of 
variance in regressions should be given to 
interpretations based on Paglin’s method 
also. Specifically, when Paglin identifies the 
Paglin-Gini as a truer measure of inter- 


ed 
ed 


* Associate professor of economics, McGill Univer- 
sity. I am obliged to C. Green and P. Davenport for 
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family income inequality than the Lorenz- 
Gini, his statements need to be heavily 
qualified. 

In order to clarify the distinction between 
what he attempts to do and what he suc- 
ceeds in doing, a very brief theoretical dis- 
cussion is useful as a starting point. Mea- 
sures of inequality are of interest primarily 
as aids to measuring interpersonal differ- 
ences in welfare. Income is conceived as the 
best available proxy’ for welfare level or 
“utility” level. Then, if for each individual 
there is a time distribution of incomes such 
that incomes vary over the lifetime of the 
individual, two individuals who differ with 
respect to no characteristic but age may 
have different incomes. This difference in 
income reflects only difference in the stage 
of the life cycle in which the two individuals 
are, and not any true differences in welfare 
between them. If such fluctuations are iden- 
tified as life cycle fluctuations in income, 
eliminating these fluctuations improves in- 
come distributions as instruments for inter- 
personal comparisons of welfare. The elimi- 
nation of these “spurious” differences is 
implicitly associated with the elimination of 
age-related variation in Paglin’s study. The 
appeal of Paglin’s study, perhaps, is related 
to this association. 

However, in the Paglin-Gini, he not only 
eliminated a large part of such spurious life 
cycle adjustments, but some true differences: 
in welfare as well. Thus, though he recog- 
nizes (pp. 601-02) that in a society with’ 
steadily growing incomes, the older genera- 
tions are on the average poorer than 
younger generations he ignores the fact that 
elimination of this difference which is also 
captured by the age-Gini eliminated some 


1A good case can be made for consumption (not 
consumer expenditure) as an even better proxy, but 
measurement problems in this case are even more 
difficult. 
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true inequalities in welfare as well.” To the 
extent that age-related variations include 
more than pure life cycle adjustments, the 
Paglin-Gini understates true income in- 
equality. 

The intergenerational inequalities in wel- 
fare may be due also to factors other than 
steady growth in productivity. Individuals 
` whose earnings were disrupted by the de- 
pression and World War H during the years 
in which their earnings would have been 
high are genuinely poorer over their lifetime 
than those who did not so suffer.’ If life 
expectancy goes up to a degree more than 
anticipated during most of an individual’s 
life, in later years persons so affected may 
be genuinely poorer. Changes in family 
structure from one in which the children as- 
sumed a greater responsibility for the well- 
being of their elder relatives to one in which 
they do not, could reduce the old to lower 
levels of -real income than anticipated. If 
opportunities for participation in the labor 
force for females improved over time, then 
single young females and the young families 
may genuinely be better off. The important 
point is that the cross-sectional age-income 
profile captures some true interfamily differ- 
ences in welfare in addition to some intra- 
family differences and thus eliminating the 
age-Gini eliminates much more than life 
cycle adjustments. 

Further, all life cycle adjustments in wel- 
fare are not captured by the age-Gini. If 
two individuals A and B of the same age 
faced with identical opportunities choose 
different occupations with identical lifetime 
discounted total incomes, but with different 
age-income proñles, in any one year they 
may have different incomes. The age-Gini 
does not capture tnese differences and hence 
eliminates too little as well.* 


2While Paglin is correct in asserting that inter- 
generational differences are almost impossible to 
eliminate, it does not follow that we accept these differ- 
ences as they are; societies can and do make efforts to 
reduce these inequalities through public policy mea- 
sures, implicity recognizing that they are real. 

3Societies sometimes compensate those who were 
affected by wars by veterans’ benefits. 

4In fairness to Paglin it must be pointed out that 
this problem arises entirely due to income.being an 
imperfect measure of welfare and no simple adjust- 
ment to income distribution can remove this liability. 
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It should also be pointed out that there 
are several other factors similar to age 
which contribute to similar spurious varia- 
tions. Because of differences in living costs 
in different regions, part of interregional 
differences in mean incomes is spurious, 
though some such variation is real. Differ- 
ences in family incomes reflect, in part, the 
degree of participation in the labor force 
(for example, how many adults in the family 
shall work outside the home?) and in part 
differences in opportunities available to the 
families. Similarly incomes also differ due 
to differences in the number of hours 
worked in a year; part of these differences 
reflect opportunities available, but part 
reflect only choices related to differences 
in tastes. Thus it is important to recog- 
nize that we can partition total variation 
in incomes in various ways; between age- 
related and residual variation as Paglin 
does, labor-force-participation-rate-related 
and residual, region-of-work-related and its 
residual, and so on. None of these parti- 
tions, unfortunately, reflects entirely differ- 
ences in choices, all reflect differences in op- 
portunities as well.’ From a welfare point of 
view, perhaps, the most useful partition is 
variation related to differences in oppor- 
tunities among persons and its residual, 
choice-related variation. The former mea- 
sures differences in welfare among individ- 
uals or true income inequality while the 
latter is spurious for the purpose of inter- 
personal comparisons of welfare. Thus, an 
ideal measure of income distribution will 
eliminate all choice-related variation, but 
none of  differential-opportunity-related 
variation.® 

Paglin’s effort may, then, be viewed as 
follows. He attempts to remove a part, but 
only a part, of choice-related variation in 
incomes. In the process, he eliminates some 


Each such partition may be further part:tioned into 
differential opportunity-related variation ard a choice- 
related variation. Therefore, eliminating any such 
variation eliminates too much. 

6It may be noted here that we use fam:ly incomes 
rather than individual incomes in an effort to remove 


1 


what appears to be largely, but not entirely, spurious — 


differences in incomes among members of the family. 
That this too is imperfect is clear from earlier obser- 
vations about labor force participation choices. 
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true interpersonal differences in welfare as 
well. While the effort is in the right direc- 
tion, its success is somewhat limited. How- 
ever, the difficulty of proceeding much fur- 
ther in the direction he has chosen is also 
clear when we recognize that all choices 
among income and nonincome benefits 
(“noneconomic benefits”) as well as choices 
among time-income profiles distort mea- 
sures of welfare inequalities using income 
distributions. 

Moving to Paglin’s conclusions, unfortu- 
nately, it is difficult to accept the definite- 
ness of his conclusions. Larger changes in 
the Paglin-Gini than in the Lorenz-Gini 
definitionally follow from substantial 
changes in the age-Gini and we have to ask 
the question whether changes in the age- 
Gini reflect changes in true (i.e., differential- 
opportunity-related) inequality or only 
spurious ones (choice-related). As the pro- 
portion of population whose lifetime in- 
comes were disturbed by economic turbu- 
lences of 1930’s and 1940’s declines (up to a 
" point), greater variation in true incomes 
appears as related to ages of the individuals, 
and age-Gini should be expected to increase 
as a consequence. Other factors mentioned 
earlier also may play a similar role. There- 
fore much more study is required before we 
can conclude that changes in age-Gini cap- 
ture only changes in age structure of the 
population and life cycle patterns. With- 
out such a conclusion, it is difficult to relate 
changes in age-Gini to changes in income 
distribution unrelated to changes in welfare. 

On the wealth distribution too, we run 
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into similar problems. If a large part of the 
inherited wealth is passed on at the death of 
the legator, then the probability of having 
inherited wealth increases with age at least 
up to a point, so that older individuals on 
the average should be expected to have 
greater inherited wealth. Some of the wealth 
differences in the age cross section are, 
therefore, opportunity-related and Paglin’s 
revision here also appears to be too strong. 

The weakest part of his conclusion is 
related to the revaluation of the share of the 
lowest quintile. The fact that a high propor- 
tion of those in the lowest quintile are very 
old or very young is true enough, but to as- 
sume away the possibility that these groups 
may be truly poorer is strange indeed. It 1s 
almost inevitable that those who have lower 
average incomes in any partition will be 
found with greater relative frequency in the 
lower quintile than in the upper four quin- 
tiles, whether the differences are oppor- 
tunity-related or choice-related. In any 
case, if a certain degree of inequality and its 
social manifestations are associated with a 
certain value of an income inequality mea- 
sure, what good is it to conclude that these 
same social situations are related to a 
smaller number for income inequality in a 
“better” measure? 
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The Measurement and Trend of Inequality: Reply 


By MORTON PAGLIN* 


I shall deal with the five papers in se- 
quence, concentrating initially on the main 
issues raised in each; this will be followed 
by a review of miscellaneous points. The 
heart of the controversy involves the valid- 
ity and meaning of the Paglin (P)-Gini: is 
it based on an erroneous disaggregation of 
the Lorenz (Z)-Gini or does it correctly 
measure a socially important dimension of 
inequality? To answer this I will attempt a 
microeconomic analysis of the Gini with 
particular attention to the interaction terms. 
When this issue is clarified, many other 
points can be more easily resolved. 

Eric Nelson argues that I have used an 
incorrect statistical procedure in subtracting 
the age-Gini from the £-Gini; instead, the 
“true” measure of my P-Gini is “the sum 
of the product of three terms”: P = 
2A;7;G; (his equation (4)). He really doesn’t 
quite mean this, because with population 
shares and income shares each adding to 
` one, the summation of the double-weighted 
cohort Gini ratio, cut loose from the inter- 
action term, yields an absurdly low estimate 
of within-cohart inequality (.061 for 1972). 
Hence.in the rest of the paper he uses one 
or the other set of weights, or suggests 
dividing the right side (only) of equation (4) 
by 2A,;y,;. Either way he departs from the 
logic of the disaggregation suggested in his 
equations (1) through (4). I wilh return to 
this point later. 

I agree with Nelson that the age-cohort 
income distributions overlap, and that when 
I subtract the age-Gini 


l 

2, P:Pj| a Hy F 

from the L-Gini, I am left with 2A,¥7;G; 
plus an interaction term. The crucial issue 
which he fails to discuss is the economic 
meaning of the interaction effects and the 
case for including or excluding them from 


*Professor of economics and urban studies, Port- 
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an overall measure of intracohort inequal- 
ity. They are clearly a major part of the 
|x; — x| term in the Gini and we must 
determine on a microeconomic level the 
significance of these effects before we can 
decide what to do with them. 

N. Bhattacharya and B. Mahalanobis 
(whom Nelson cites but does not follow) . 
offer an intuitively appealing argument for 
allocating the interaction term to the 
within-cohort box. They proceed to parti- 
tion the Gini mean difference in the follow- 
ing way. Assuming that the means of the 
groups are given, it is reasonable to postu- 
late that the between-groups component 
should not change simply bezause of the 
degree of within group variation. They 
state, “It follows that the between groups 
component in the general case is the same 
as the between groups component in the ' 
special case where within group variation is 
zero for every group” (p. 150). Hence the 
between-groups concentration curve can be 
constructed from the cohort mean values 
(z;) and their population shares (p;). The 
between-groups Gini coefficient is defined 
as Ag/2u where 


Ag = > Pip; | Mi = Ly | 
ixj 

They go on to partition the total Gini mean 
difference in terms of expected values: 
(i) A= E | x; s x; | 

z ia; iPj i= X 

= Žo pA + 2o pple |x- x|) 

inj 

where x; and x; are statistically independent 
observations and A; is a cohort Gini mean 


difference. The within-groups component 
of the Gini mean difference is A — Ag: 


(2) Ay = >, p?A, 
+ > piplE| x, — x; | = lay — wh} 


inj 


Bhattacharya and Mahalanobis conclude” 
that while one cannot directly draw up a 
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concentration curve of overall within-group 
inequality, as one can for the between- 
group differences, the area between the lat- 
ter curve and the L-curve “indicates the 
effect of within group disparities” (p. 151). 
This is the same procedure which I used to 
derive the P-Gini as a measure of within- 
cohort inequality effects. Yet Nelson cites 
this article in his opening argument to prove 
that I incorrectly disaggregated the Gini. 
We should note that the second component 
of equation (2) will be zero if within-cohort 
distributions do not overlap. Since con- 
siderable income variation occurs within 
cohorts, overlaps prevail and hence 


(3) >, PiPj | x; = x; | > > pip; | ei — k; | 


i=j izj 


The magnitude of the interaction effects is 
measured by the difference between the 
terms in the above inequality, and is directly 
related to the degree of within-cohort in- 
equality, given the means and population 
shares of the cohorts. But to pinpoint the 
economic meaning of the interaction effects 
contained in the within-group coefficient, it 
will be helpful to shift to the game-matrix 
framework recently developed by Graham 
Pyatt.! 

Picking up the expected value approach 
mentioned above, Pyatt utilizes a variant of 
the Gini formula in which the average ex- 
pected gain replaces the average of absolute 
differences; this reduces the numerator by 
one-half, and the denominator is accord- 
ingly changed from 2y to u, thus 


(4) 
G = (1/n?) >. >> max (0, x; — x) -l/u 


i=] j=l 
where max (0,x; — x;) stands for the higher 
of the two things within the parenthesis. The 
numerator of the Gini ratio now represents 
the average of expected gains of all indi- 
viduals when placed in a game setting in 
which each draws the incomes of other per- 
sons at random, but keeps his own income 


IĮ] will in general follow Pyatt’s notation. My pre- 
sentation in the next few pages is mainly a summary 
~and application of his innovative analysis to the expli- 
cation of the P-Gini. 
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if the income drawn is of lower value. 
Hence the negative (x; — x;) values are re- 
corded as zeros (and included in the aver- 
age); obviously no one can lose in this 
game. The Gini coefficient can now be inter- 
preted as the average expected gain (in an 
income comparison game) expressed as a 
percent of the mean income. Furthermore, 
the elements of the coefficient have a clear 
interpersonal reference. If the expected gain 
for an individual is high, he feels depressed 
because he would likely be better off in 
someone else’s shoes; if it is low, he feels 
satisfaction at having moved ahead of most 
Others in the economic race. In an unre- 
stricted game setting involving the whole 
population the richest consuming unit 
would have an expected gain of zero and 
the poorest (with no income) would have an 
expected gain equal to the mean income. In 
a society with groups, in our instance age 
cohorts, we can meaningfully disaggregate 
the total of expected gains by using the 
matrices shown in Table 1. This approach 
also allows us to show conditional expecta- 
tion or the average expected gain for indi- 
viduals in group i drawing at random in- 
comes from group j. This can be stated as 


(5) average expected gain = 


k k 

2 2, Elgain |i > j) pip; 

jel jal 
with p values representing the population 
shares. A matrix E of all conditional 
between-groups and within-groups expected 
gains, normalized by dividing each row by 
the mean income of the respective popula- 
tion group, is presented in Table 1A for the 
1974 family income distribution. In this 
normalized matrix E* there is shown in 
each row the expected gains for an age 
cohort vis-a-vis other cohorts as well as the 
within-group gain; all are expressed as a 
percent of the mean income of the age 
group listed in the left column. The ele- 
ments which constitute the main diagonal 
of the matrix are the cohort Gini coeffi- 
cients. The values in the right-hand column 
marked E*p show the average normalized 
expected gain for the members of each age 
group. To derive these average values each 
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TABLE 1—U.S. FAMILY INCOME DISTRIBUTION, 1974- 
A. Lorenz-Gini, Normalized Expected Gains E* 
‘Population 
Age Shares 
Groups 14-24 25-34 35-44 45-54 55-64 65 + p ES 
14-24 .3254 6999 9506 1.1046 9068 4096 0758 7922 
25-34 1161 2890 4266 5138 4137 1726 .2281 3506 
35-44 0784 .2013 3054 3716 2984 1230 1948 .2504 
45-54 0641 1656 2543 3103 2491 1026 .2016 .2083 
55-64 0996 2416 3543 4248 3433 1451 1554 2916 
65 + 3174 6690 8983 1.0384 8558 .3882 1442 .7500 
B. Expected Gains, P-Equality Conditions E3 
Age 
Groups 14-24 25-34 35-44 45-54 55-64 65 + Exp 
14-24 5230 8087 9779 .7340 0699 5982 
25-34 1876 2987 1386 1183 
35-44 .0936 0189 
45-54 
55-64 .0431 1406 .0368 
65 + 4234 6905 8486 .6207 4987 
C. P-Gini, Expected Gains Ef 
i Income 
Age Shares 
Groups 14-24 25-34 35-44 45-54 55-64 65 + IP T 
14-24 3254 1769 1419 1267 .1728 3397 1940 .0475 
25-34 A161 2890 2390 2151 275) .1726 2323 2174 
35-44 0784 .2013 3054 2780 2984 1230 2315 2205 
45-54 0641 1656 2543 .3103 2491 .1026 .2083 2496 
55-64 0996 2416 3112 2842 3433 1451 2548 1686 
65 + 3174 2456 .208 1 1898 2351 3882 2513 0965 





Source: Current Population Reports. 


Note: Inequality coefficients derived from these matrices are equivalent to graphic straight line approximations 


and therefore are slightly understated. 


element in row 7 is weighted by the frac- 
tional population share p; of the appro- 
priate column. Note that the E*p values are 
highest at each end of the age curve and 
lowest at the center; this in part reflects the 
fact that the groups with the lowest mean 
incomes have the most to gain and in part 
that the gains have been normalized by 
the separate group means rather than by a 
single population mean. Finally, we arrive 
at the overall Gini by taking the weighted 
average of the E*p values, the weights be- 
ing the income shares (r): 


(6) G = rE*p = 343 


E} in Table 1B represents the normalized 
expected gains for the same distribution on 
the assumption that the members of each 
cohort have incomes centered at the mean 
value of the cohort; this is the P-equality 
condition. The diagonal elements are zero 
because we specified no inequality within 
cohorts. The off-diagonal (i, j)ìth element 
where mean group / > mean group j will 
be zero because there is no possibility of a 
member of a richer group drawing a higher 
income from a poorer group. (Note how- 
ever that in the Æ* matrix this does occur — 
because the distributions overlap.) As be- ` 
fore, we can derive the Gini, 


VOL. 67 NO. 3 


(7) Age-Gini = wEFp = .113 


This coefficient represents the average ex- 
pected gain (relative to the mean income) 
which would exist under P-curve equality 
conditions. With the usual 45 degree line 
standard, all differences in income are re- 
garded as alike; under the P-curve standard, 
differences related purely to the stage in the 
life cycle are considered normal, functional, 
and compatible with long-term equality 
conditions. Hence in £} the youngest age 
group would still show an expected gain of 
.523 when comparing themselves with the 
25-34 cohort, but the latter group shows 
zero gain vis-a-vis the younger cohort. 

We can now derive the matrix of income 
differences with reference to the P-curve 
standard by subtracting Ef from E*. This 
yields the P-Gini matrix Ef shown in Ta- 
ble 1C. The P-Gini coefficient is rEf p with 
a value of .230, but the crux of the matter 
lies in the interpretation of the elements of 
this coefficient and its meaning as an in- 
equality index. The diagonal elements of 
Ef are the same as in &£* but the off- 
diagonal elements of Ef now represent the 
interaction effects, and these require exami- 
nation. Let us look first at the (i,j) ele- 
ments where mean i > mean j. In the 
L-Gini £* matrix, these elements represent 
expected gains when members of a lower 
income cohort (say the 25-34) compare 
themselves with a higher income age group 
(35-44); the expected gain shown is .4266 
times their income. In the E* matrix this is 
reduced to .2390 by the normal expected 
gain (.1876) associated with this age differ- 
ence as shown in EF. To put it in micro- 
economic terms we can think of 30-year 
olds comparing themselves not only with 
each other but with 40-year olds as well. If 
the 40-year olds have the “normal” incre- 
mental increase, there will be no sense of 
inequality generated within the younger 
group. But if a large degree of income varia- 
tion exists in the 40-year cohort, this will 
also affect the younger group (and all other 
cohorts). A family in the 40-age group with 
an income of twice the mean for the group 
=- will generate feelings of inequality among 
members of other cohorts beside his own. 
This will be reflected in higher expected 
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gains for the 30-year old cohort (vis-a-vis 
the 40-year olds) which are attributable to 


=- the inequality in the 40-year cohort, and 


further amplified if there is inequality in 
both cohorts. It is this increment of ex- 
pected gain generated by the overlapping 
distributions which appears in the Ef 
matrix (for example, row 2, col. 3). How- 
ever, a large part of the actual income dif-, 
ference between the two groups is tempered 
by the recognition that it is normal and 
transitory (for the younger group); hence 
the inequality contributed by such off- 
diagonal elements will typically be smaller 
than the diagonal elements. This corre- 
sponds to psychological reality. Sensitivity 
to income differences is more intense among 
members of the same age cohort than with 
those older and further along the life cycle 
curve. The differences within cohorts are 
not buffered by what are regarded as nor- 
mal stage-of-life cycle income increments. 
The remaining effects of the overlap are 
shown in the corresponding (j, i)th element, 
row 3, column 2. Note that in Ef this cell is 
empty since there is no expected gain when 
mean j > mean i. But inequality in the 40- 
year cohort results in families with incomes 
lower than some of those in the younger 
group, and this will be reinforced by in- 
equality within the younger group pushing 
some families well above the lower incomes 
prevailing in the older cohort. These over- 
laps create an expected gain for some 40- 
year olds in the pair-wise income compari- 
sons with the members of the younger 
cohort. The full value of this expected gain 
as it appears in E* (.2013) is transferred to 
EF since there would be a zero in this cell 
under P-equality conditions, and thus the 
gain is entirely attributable to inequality 
within groups, not to the difference between 
group means. The psychological reality un- 
derlying this interaction term is quite evi- 
dent: it is illustrated by the “young upstart” 
phenomenon, felt most keenly by the lag- 
ging 40-year olds who resent seeing some 
30-year olds moving ahead of them on the 
income ladder. But since this is experienced 
by only a limited proportion of the older 
cohort, the average expected gain for the 
whole cohort may be rather small. 

To summarize, the £* matrix contains all 
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the elements of expected gain that can 
logically be attributed to within-cohort in- 
equality. The remaining elements of the 
Gini coefficient are those arising from mean 
differences between cohorts; these mean 
differences are regarded as normal, func- 
tional, and consistent with long-term equal- 
ity of incomes; they are therefore included 
in the equality standard described by Ef. 

Now let us return to Nelson’s criticism. 
When he states that a proper or true esti- 
mate of the P-Gini is given in his equation 
(4), he is in effect looking at our Ef matrix, 
selecting just the diagonal elements 
(2A;7;G;) and tossing the off-diagonal in- 
teraction terms into the waste basket as 
having no significance for an inequality 
measure based on the P-equality standard. 
Since there are k? elements in this matrix, 
each weighted by population and income 
shares, the decision to throw out all but the 
k diagonal elements yields a suspiciously 
low percent of the total Gini attributable to 
within-age group inequality effects. To com- 
pensate for the excluded terms, Nelson 
blows up the weights for the diagonal terms 
by using either population shares or income 
shares. His exclusion of the interaction 
terms in Æ¥F is equivalent to putting blinders 
around members of each cohort so that they 
can only compare themselves with others in 
the same cohort; hence they will be insu- 
lated from the effects of inequality in other 
cohorts, as well as the muting effects of the 
normal difference components, which as we 
have shown do influence their perception of 
inequality. Cutting groups off from. each 
other violates the essential meaning of the 
Gini formula which specifies unrestricted 
pair-wise comparison of incomes. 

Finally, if we accept the P-curve standard 
of equality, Nelson’s alternate P-measure 
yields an incorrect index of deviation from 
this standard. Referring to 1972 data from 
his Table 2, we tind that the single weighted 
cohort Gini is .333 compared with an 
£-Gini of .359, From this it would be natu- 
ral to assume that if we eliminated all intra- 
cohort inequality the Lorenz curve would 
move inward by .333 to a residual Gini of 
.026. Instead we find that elimination of 
intracohort inequality moves the L-curve 
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inward by only .239 points, leaving a resid- 
ual Gini of .12; this is the value given by the 
age-Gini. 

Why are there such differences in our esti- 
mates of the trend of inequality? I look at 
the value of 7 E¥ p in 1947 and in 1972 and 
note a decline of .064 or 23 percent in the 
P-Gini ratio. Nelson looks at just the 
diagonal in £F and finds that if one uses the 
weights specified by the Gini formula 
(A;7;G;) this segment of the matrix has de- 
clined by 14.8 percent (his Table 3, line 4, 
“total’). If he “standardizes” with one set 
of weights taken from 1947 and applied to 
both years then the decline is only 6.6 per- 
cent. I have given reasons for using the 
whole of matrix Ef in a world where the 
life cycle income curve has become arched, 
and where recognition of the functional 
nature of life cycle differences has been 
embodied in the equality standard. I sug- 
gest that to use Nelson’s approach one must 
posit an alternative paradigm, namely a 
world in which life cycle income curves have 
become straight lines with a zero slope (as 
shown in Figure 1A) and the distribution 
characterized only by within-cohort in- 
equality. The &* matrix of this distribution 
would be the same as E*. Since there are no 
between-cohort differences, the diagonal 
elements of the matrix would become a fair 
proxy for all the elements of the matrix. 
When we extend the cohort Gini approach 
to societies in which the age-income curves 
are highly arched (as shown in Figure |B) 
we imply that the curvature makes no dif- 
ference and we can abstract from it by tak- 
ing many segmental snapshots (age-cohort 
Gini ratios) and ignore the extent of differ- 
ences between the means of these groups, 
the interaction terms, and other related as- 
pects of the distribution. We can see the im- 


2The 14.8 percent (or the 6.6) average decline in in- 
equality is low in part because the decline in five co- 
horts was partially offset by a 21 percent increase in 
inequality for the 14-24 age cohort. The increase in 
inequality occurred during a period of great expansion 
in subsidized opportunities for higher education. This 
shows that an egalitarian measure to broaden lifetime 
opportunities may produce a greater variance in initial 
income positions. Static cohort measures don’t reveal 
this. 


VOL. 67 NO. 3 


AGE 


FIGURE IA 


TOP 1/3 


BOTTOM 1/3 


FIGuRE 1B 


portance of these other aspects by compar- 
ing Figures 1A and IB. 

The world of Figure 1A is one with less 
Lorenzian inequality than 1B but with a 
much higher probability of permanent 
stratification; those in the bottom third of 
the income distribution tend to stay there 
over their lifetimes, and the same applies to 
the middle and the top of the distribution. 
Now compare this with Figure 1B which 
shows income curves that roughly typify 
our income distribution. Note thai a 
marked curvature in the age-income profile 
produces mobility with reference to income 
levels and population rankings. This is re- 
flected in the statistics on family incomes. 
In 1974, families headed by a high school 
drop-out (age 45-54) averaged $15,042; this 
placed them for a time in the second from 
the top quintile. Furthermore, since 44 per- 
cent of this group had incomes above the 
group mean, a large number of such fami- 
lies experienced the status that goes with 
being in the top quintile for part of their 
lives. This age-related mobility, induced 
by highly arched age-income profiles, is 
accompanied by a second type of mobility, 
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namely, movement in the rank ordering 
within one’s cohort as the cohort moves 
across the age-income profile. Insofar as 
there are many curve types which cross each 
other, there will be cohort mobility. This is 
shown in Figure 1B by the change in letter 
rankings at different ages. These differences 
in the two types of distributions are not 
refiected in the weighted age-cohort Gini. 
If this coefficient has the same value in Fig- 
ures LA and IB, the perceived level of in- 
equality and lifetime inequality will be 
lower in the society with the arched profile, 
even though its £-Gini is higher. Hence it is 
appropriate that the P-Gini indicates a 
lesser degree of inequality than the weighted 
cohort Gini as we move from a flat to a 
curved age-income profile. The P-Gini cap- 
tures the age-related mobility effects in the 
values of the off-diagonal elements of the 
E* matrix where income differences be- 
tween cohorts are modified by the expecta- 
tions of life cycle mobility. Certainly the 
£-Gini which lumps all income differences 
in the same box is an inadequate measure of 
both current and historical inequality. 

The measures can be differentiated in 
terms of the Pyatt game framework. The 
L-Gini may be interpreted as the average 
expected gain for the population under con- 
ditions of an unrestricted pair-wise income 
comparison game, with the gain being ex- 
pressed as a percentage of the mean income. 
The P-Gini uses the results of this game, 
but rather than comparing the score with 
equality defined as zero gain it is compared 
to a score which emerges when average 
stage-of-life cycle income differences are 
postulated as an equality condition. The 
weighted cohort Gini attempts to measure 
the expected gain that would exist in a 
world where stage-of-life cycle income dif- 
ferences have been eliminated but where in- 
equality within cohorts remains; it crudely 
approximates this condition in the general 
case by calculating the average expected 
gain for a series of restricted pair-wise com- 
parison games in which members of a co- 
hort are paired only with others in the same 
cohort. Since I believe that average income 
differences between cohorts are normal and 
functional, and their elimination unneces- 
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sary as a long-run equality condition, I find 
the specifications of the P-Gini game more 
interesting and meaningful. 

William Johnson’s paper raises the issue 
of inequality of permanent or lifetime in- 
comes. While I disagree with his main con- 
clusion, I fully agree that the P-Gini does 
not indicate actual differences in lifetime in- 
comes. However, I did make some qualifi- 
cations to this effect in my paper: the 
P-Gini “... more closely approximates a 
measure of long-run interfamily inequality” 
than the L-Gini (p. 601). This was followed 
by a discussion of the difficulties of measur- 
ing the inequality of actual lifetime in- 
comes, particularly under conditions of 
economic growth (pp. 601-02). I should 
have qualified this further; no equality 
measure based on cross-section data for a 
particular year can be used to measure ac- 
tual lifetime income differences. What my 
measure shows is that only a part (two- 
thirds) of the total area of inequality need 
be eliminated in order to arrive at condi- 
tions which will produce equality of lifetime 
incomes (under stationary assumptions); 
and currently about one-third of the Loren- 
_ zian inequality of annual incomes would re- 
main under long-term equality conditions 
because it represents age-related income dif- 
ferences quite compatible with this goal. We 
should note that the frame of reference here 
is the partitioning of a single year’s inequal- 
ity measure into components which are con- 
sistent or inconsistent with long-term equal- 
ity, not the actual measurement of long-term 
incomes. We can make some inferences 
from this, but they should be carefully 
qualified. 

Johnson’s statement “... that Paglin’s 
adjusted Gini coefficient will always under- 
estimate the true extent of lifetime income 
inequality” will be shown to be false. I go 
along with two of the assumptions of his 
‘model, namely, a stationary state and stable 
population cohorts. However, Johnson’s re- 
sults also depend on the crucial though un- 
mentioned assumption that each person 
moving, along his lifetime income track al- 
ways keeps the same rank order within his 
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equation (7) will overestimate lifetime in- 
come inequality. This can be easily seen in 
Figure 1B. Lifetime income differences for 
A, B,'‘and C will be far smaller than indi- 
cated by taking the absolute differences be- 
tween the three curves at each age level as 
Johnson specifies in equation (7). Since the 
L-Gini, age-Gini, and P-Gini are all calcu- 
lated at a point in time, and are unaffected 
by who occupies a particular rank in the 
income distribution, they will show no re- 
duction in inequality as a result of intra- 
cohort mobility. Therefore, the P-Gint will 
yield an estimate which is above or below: 
the lifetime income inequality depending on 
the degree of cohort mobility. Since John- 
son’s proof depends on zero mobility within 
cohorts, it will be of interest to review the 
data in this area. 

Bradley Schiller’s recent research docu- 
ments the surprisingly high degree of mobil- 
ity which exists within cohorts. Schiller’s 
study is based on the incomes of over 74,000 
male earners tracked for a period of 14 
years. Using. longitudinal earnings data, 
drawn from workers covered by social se- 
curity legislation, Schiller ranked workers 
who were age 30-34 in 1957 by income lev- 
els, and ranked them again on the basis of 
their 1971 earnings. The workers were 
classified on a 20 interval ranking scale, 
with each “ventile” containing 5 percent of 
the sample. Hence the first ventile included 
the top 5 percent of the income recipients, 
etc. Even though the study started with an 
age cohort which is marked by more sta- 
bility than the younger cohorts, Schiller 


-found a remarkable degree of mobility 


within this cohort. Defining mobility as a 
move of two or more ventiles, 71 percent of 
the cohort was mobile, the average move 
“_.. was 4.22 ventiles (21 percentiles) up or 
down the earnings distribution, or over one 
fifth of the way from one end of the dis- 
tribution to the other. Hence mobility of 
relative status not only is a common experi- 
ence, but also involves very large move- 
ments” (p. 115). Furthermore, mobility was 
evident all across the income distribution. 


Over two-thirds of those in the bottom ven-{ 
tiles moved upward by more than four ven= 
tiles while 60 percent of those in the top 
three ventiles moved downward over four 


cohort. This is equivalent to assuming no 
crossing. of life cycle income curves or zero 
- mobility within age cohorts. Otherwise his 


we 


VOL. 67 NO. 3 


ventiles. (Since the cohort was in a sharp 
upswing phase of the life cycle income 
curve, most of those who moved downward 
in ranking nevertheless moved upward in 
real income; the slopes of their curves were 
just net as steep as those who previously 
ranked below them.) Schiller’s apt conclu- 
sion is that even if the income chairs in the 
distribution are relatively fixed, the persons 
who occupy those chairs are highly mobile. 

I believe these results have important im- 
plications for the trend of inequality. Mo- 
bility reduces the dispersion of lifetime 
incomes much below the annual income 
estimate. Mobility is a function of the cross- 
ing of individual life cycle income curves. 
With a relatively flat average age-income 
profile, individual lifetime income paths are 
less likely to cross than in a society with a 
highly arched average profile where there is 
a greater range in the individual slope co- 
efficients and curve types. As I have shown 
(p. 600), our society has experienced a 
noticeable increase in the degree of curva- 
ture in the average age-income profile. If 
this is accompanied by increasing mobility 
within cohorts, then measures such as the 
weighted cohort Gini will not only over- 
estimate inequality in a particular year (as 
pointed out above) but will underestimate 
the decline in inequality. While the P-Gini 
adjusts for average age-related inequality it 
also fails to catch the accompanying intra- 
cohort mobility. Until we are able to 
modify our static inequality coefficients by 
an index of mobility, or collect more longi- 
tudinal household income data for an ex- 
tended period of time, our estimate of in- 
equality of lifetime incomes (or the more 
difficult trend in the inequality of lifetime 
incomes) will remain crude. However we do 
know the direction of the bias in the con- 
ventional coefficients.’ 

The paper by Sheldon Danziger, Robert 


3This is beginning to show up in the University of 
Michigan longitudinal income data. The Gini ratio for 
family incomes in 1973 was 9.9 percent higher than the 
Gini of the seven year income average of these fam- 
ilies. Using the Theil index, it was 24 percent higher, 
and for the variance of the log of income it was 26 per- 
cent higher. Note that seven years is only a small seg- 
ment of the family life cycle (Saul Hoffman and 
Nripesh Podder, p. 339). 
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TABLE 2 
D-H-S Corrected 
Results Results 
1972 1965 1972 1965 
L-Gini 4043 3885 4140 3885 
Age-Gini .2344 .2073 .1575 1385 
P-Gini .1699 1812 2565 2500 





Source: D-H-S results are from their Table 1. The cor- 
rected age-Ginis are derived from the D-H-S data but 
use the proper formula. My 1972 L-Gini is based on 
CPS computer tapes and is taken from Taussig. 


Haveman, and Eugene Smolensky (here- 
after referred to as D-H-S) is a wide ranging 
one, but its main theme is the supposedly 
eccentric counterintuitive performance of 
the P-Gini as illustrated by the statistics in 
their Table 1. I can be fairly brief in my re- 
ply to the long discussion of the misbehaved 
P-Gini because their calculation of the age- 
Gini and P-Gini coefficients are simply 
erroneous. These large errors are shown in 
my Tabie 2. The reasons for the differences 
are not data or computer errors, because 
D-H-S generously provided me with their 
data decks. This was of particular impor- 
tance since for 1965 they used the unpub- 
lished Survey of Economic Opportunity 
(SEO). Surprising as it sounds, they simply 
calculated a different measure! The source 
note under their Table 1 and the details 
spelled out in footnote 2 reveal the mis- 
specification of the age-Gini and hence the 
P-Gini: “Paglin’s Ginis are based on a divi- 
sion of families into 6 age cohorts.* We 
classify all household units into 24 mutually 
exclusive cohorts by type of living unit 
(family or unrelated individual) and sex of 
head, in addition to the 6 age classes used 
by Paglin.” My age-Gini is based on the 
mean income differences between age 
groups. Their age-Gini is really an age- 
demographic Gini with four different means 
in each age group and thus represents some 
intracohort variation as well as difference 
between cohorts. The comparable P-curve 
or equality standard implied by their revi- 
sion is that existing mean differences be- 
tween male-headed and _ female-headed 
households are consistent with long-term 
equality. (This is an odd anti-egalitarian 
standard to offer as an improvement.) I 
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think it should be clear that stage-of-life 
cycle differences wash out in the long run 
because the aging process has no barriers 
other than premature mortality, and hence 
it is appropriate to include such differences 
in the equality standard. The same cannot 
be said for income differences based on sex, 
or the age-schooling standard used in the 
paper by Joseph Minarik. 

The differences between the D-H-S ratios 
and the corrected versions can be seen in 
Table 2. Their age-Ginis are about 49 per- 
cent larger than those based on a proper 
computation, while their P-Gint coefficients 
are 38 and 44 percent too low (for 1965 and 
1972, respectively). Perhaps more signifi- 
cant is the reversal of the trend of the 
P-Gini on which D-H-S placed such impor- 
tance. It'now moves in the same direction 
as the Lorenz-Gini and thus according. to 
their criteria of a well-behaved inequality 
coefficient should receive approval. How- 
ever, I believe these results (no matter how. 
they come out) prove very little. The 1965 
data were drawn from an SEO sample while 
the 1972 data are from the Census Current 
Population Survey {CPS).4 Furthermore, 
their manipulations of the data fail to con- 
sider the totality of the E* matrix on which 
the P-Gint is based. 

Leaving aside the sampling issue, it 
would be fairly easy to find two years (well- 
spaced apart) in the CPS family income 
series in which the L-Gini has moved up 
and the P-Gini down. This results from the 
greater downward trend in the latter series. 
If we take first differences, the two coeffi- 
cients have a remarkably high degree of 
covariance. This is shown in Table 3 where 
in 20 years out of 23 both coefficients 
changed in the same direction, while in 
l year there was a change in one coefficient 
and no change in the other. In terms of 
short-run changes in inequality due to such 
factors as unemployment, what is “‘Lorenz- 
efficient” also turns out to be ‘‘Paglin- 
efficient.” D-H-S claim that an increase in 


4The SEO data jor 1965 show a lower L-Gini than 
the comparable CPS data for families and single in- 
dividuals combined: .3885 versus .403. The latter fig- 
ure is from Michael Taussig and is calculated from 
computer tapes. 
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TABLE 3-——-GINI COEFFICIENTS, 
CHANGE FROM PREVIOUS YEAR (A,) 


Year L-Gini P-Gini 
1948 — 009 —.010 
1949 O10 010 
1950 — 004 -,005 
1951 ~.014 — .009 
1952 O13 007 
1955 — 007 — O11 
1956 —.OLi ~ 006 
1957 — 004 —.010 
1958 .003 —,001 
1959 O12 O15 
1960 .003 002 
1961 .007 .008 
1962 — O11 —.021 
1963 — 005 ~.003 
1964 — 008 —.006 
1968 — O12 —.O12 
1969 005 .000 
1970 .007 .008 
1971 001 — .004 
1972 003 002 
1973 —.003 —.003 
1974 — .001 — .003 
1975 .003 .005 





Source: The author, Table 3, updated to 1975. 


teenage unemployment will increase the 
age-Gini and hence possibly ,lower the 
P-Gini. I am not sure this will happen. 
Increased unemployment also increases in- 
equality within the cohort; the L-Gini re- 
sponds both to changes within and changes 
between cohorts. Therefore, it is quite pos- 
sible that the L-Gini will increase more than 
the age-Gini, thus showing an increase in 
in the P-Gini. However reality is usually 
more complex than synthetic examples. 
Teenage unemployment affects not only the 
young household cohort, but since many 
teenagers are second or third earners in 
families headed by persons in middle age, 
the effects are diffused across the whole dis- 
tribution, and therefore cannot be isolated. 
However, for unemployment in general the 
P-Gini performs quite well. With trend re- 
moved, I found that the P-Gini typically 
changes in the same direction as the unem- 
ployment rate; this is also confirmed by 
Minarik (fn. 5). 

D-H-S demonstrate in Section IV and 
Table 2 that certain transfers are more 
Lorenz-efficient than Paglin-efficient. The 


= 


VOL. 67 NO. 3 


implication seems to be that the L-Gin1 is 
superior to the P-Gini because the former 
will sometimes show a larger change for a 
given size of income transfer. I don’t believe 
social policies (or inequality coefficients) 
should be evaluated in this way. Transfers 
between age cohorts have different effects 
on long-term inequality than reductions of 
inequality within cohorts. The L-Gini 
lumps these together; this is not desirable. 
D-H-S question my use of Census CPS 
data to construct the P-curve: “Because 
public transfers are included in this income 
definition, Paglin has rejected the optimality 
of the age-income profile generated by the 
market. Yet no explanation is given ...” 
(p. 511). The market system generates pri- 
vate incomes and private goods. We have 
seen fit to modify this result through income 
transfers which may be regarded as public 
goods; these are provided through a politi- 
cal decision-making process, Insofar as peo- 
ple express their preferences through both 
mechanisms there 1s nothing wrong in bas- 
ing an equality standard on the resulting 
distribution. I believe the CPS income con- 
cept should be broadened to include those 
in-kind transfers which are common ele- 
ments in all consumer budgets, but I am 
constrained to work with what is available. 
I also do not accept the D-H-S strictures 
on my use of income data which includes 
social security payments. These represent 
political decisions to alter the time shape of 
our incomes. Why shouldn’t the P-curve 
norm reflect these decisions? I never stated 
that the age-income profile should be im- 
mune from all political decision processes. 
That is their interpretation. However, there 
is very little theoretical support for an 
equality standard which requires a flat pro- 
file as specified in the Lorenz curve. D-H-S 
seem to concur in this judgment. Their 
analysis (Section III) of the determinants of 
the age-income profile exhibited in their 
Figure 1 clearly points to one conclusion: If 
such basic factors as “the returns to invest- 
ments in human capital,” “the distribution 
of inherent physical and mental capabilities 
, by age,” and the “earnings effects of labor- 
leisure choices by age” lead to a curved age- 
income profile, then there are excellent rea- 
sons for not violating such powerful forces 
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by setting up a dysfunctional flat equality 
standard that is also unnecessary to achieve 
long-term equality. D-H-S concede that 
“An inequality measure which allows for 
life cycle variations is appealing” (p. 512), 
and they acknowledge “... the weaknesses 
of the Lorenz-Gini as a standard of equality 
since it does not allow for life cycle income 
variation” (fn. 5). What then are their 


» objections? Mainly, I think, that the P-ref- 


erence curve and hence the age-Gini will 
rely “on annual observations of an arbi- 
trarily observed pattern” (p. 512), and the 
presumed perverse short-term changes in 
the P-Gini. The latter judgment, as I have 
noted, was based on a statistical misspecifi- 
cation of the age-Gini. Certainly their listed 
determinants (A through G) of the P-curve 
standard are all likely to act slowly and 
gradually. This is exemplified by the high 
degree of correlation in the short-term 
swings of the two inequality coefficients 
(my Table 3) indicating that the main differ- 
ence between the two measures is in their 
level and trend. To get around what they 
consider an arbitrarily based standard, they 
would replace the P-curve standard derived 
from average age cohort incomes with one 
which depended exclusively on “... a collec- 
tive judgment on age-related need ... analo- 
gous to the official U.S. poverty definition” 
(fn. 5). I am not optimistic about the valid- 
ity of such judgments, especially as we are 
at a level well above the poverty require- 
ments. I would say the collective judgment 
is better revealed by the average age-income 
statistics which recognize all market ex- 
pressed preferences, productivity considera- 
tions, and political decisions, than by the 
judgment of a team of experts. The life cycle 
issue is not limited to needs only, and that 
is also true of the equity dimension. Finally, 
D-H-S refer to George Garvy who in 1952 
raised the issue of an age-based standard 
but rejected it because “the subtraction of 
Gini coefficients from separate underlying 
distributions is uninterpretable” (fn. 13). As 
I have shown, a meaningful disaggregation 
of the Z-Gini based on the P-curve standard 
can be made, and the net P-Gini has a clear 
interpretation in expected gain terms. 
Joseph Minarik’s paper attempts to ex- 
tend the equality standard to include educa- 
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tion as well as age. Its major fault as I indi- 
cated earlier is that the aging process is 
perfectly democratic, but higher education 
may still have elements which John Kurien 
would refer to as opportunity-related rather 
than choice-related. The age-schooling stan- 
dard may thus be questioned as a legitimate 
specification of equality since the age- 
schooling Gini contains income differences 
which wash out in the long run (age) and 
education-related differences which don’t. 
Hence the residual Gini is not very useful 
for analyzing the trend of inequality which 
Minarik oddly enough finds the only in- 
teresting application of an inequality mea- 
sure. The disaggregation of the L-Gini in a 
current year into an age-Gini component 
and a residual is meaningful because it 
points to the dual set of forces at work in 
producing the total matrix of inequality 
interactions; policy makers should be cogni- 
zant of these differences. The same method 
of partitioning inequality can also be ex- 
tended to show the conflicting nature of 
various ‘equality standards, for example, 
equality of earnings versus equality of fam- 
ily incomes. If we postulate perfect equality 
of earnings but allow the existing variation 
in the number of earners per family to re- 
main, the 1974 L-Gini of family incomes 
would still be .265 or 74 percent of the 
actual inequality level. (1 assumed that fam- 
ilies with no earners would receive transfer 
incomes equal to three-fourths of the in- 
come of the single earner families.) 

I do not share Minarik’s surprise over the 
barely noticeable rise in the P-Gini from 
1967 to 1974 (a difference of .005) when 
earned income only is used (his Table 2, 
col. 4). Economic theory points to this as 
an expected result of the expansion of our 
transfer programs. Transfer income has in 
part been substituted for earned income in 
many households which face high marginal 
tax rates. Minarik pulls out transfers from 
the income distribution and assumes that 
the residual tells us what the trend in the 
market distribution of incomes would look 
like in the absence of transfers. Cash trans- 
fers and in-kind benefits are triggered by 
earned income levels; it is perfectly rational 
for some low income families to avoid en- 
tering the labor market when the loss in 
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transfer benefits might offset the potential 
earnings. Given the nature of our transfer 
programs, and their rapid growth, Min- 
arik’s results are to be expected, but why 
draw gloomy conclusions on the trend of 
inequality from such data? An egalitarian 
who supports more generous transfers to 
reduce total income inequality must face up 
to the impacts which these transfers will 
have on the earned income distribution. 

John Kurien suggests that an equality 
standard should allow for choice-related 
differences in incomes and provide a net 
measure of opportunity-related differences. 
This seems reasonable, but it fails as an 
operating principle because of the com- 
plex interconnection between choices and 
opportunities. Consider the question of 
family size and how we might adjust for it. 
Family XY decides to have feur children; 
family Y decides to have one child and 
spend more on education and travel. As- 
sume both families have the same incomes. 
Since this is a choice-related state of affairs, 
Kurien would see no need to correct for size 
of family in evaluating the real welfare 
levels of the two families. From this view, 
children are regarded as consumer goods 
comparable to luxuries and travel. In a way 
they are, but if we now consider the chil- 
dren as independent elements in the welfare 
equation, our point of view must change. 
The children in the large family may have to 
spend more time working as teenagers and 
less may be provided for them by way of 
higher education. The choices of the parents 
have become the opportunity-related condi- 
tions of the children. In policy terms, do we 
provide subsidies to the children of large 
families to offset their more limited opportu- 
nities which result from the choices made 
by their parents? From the other point of 
view, should we require small families to 
subsidize the choice-related decisions of the 
large families? Kurien’s partitioning prin- 
ciple doesn’t help us much. 

There are a number of other income- 
related factors associated with the life cycle, 
particularly the productivity and work- 
leisure variables, for which there is nof 
agreement as to how adjustments should be- 
made. For all these, the use of the average 
life cycle income curve becomes a useful 
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though crude substitute for more explicit 
treatment. When millions of household 
units, differing in myriad ways, are all 
thrown into the same box for comparison in 
terms of a single variable (income), only 
limited adjustments can be made for the 


diversity of their needs, productive contri-| 


butions, and circumstances. Hence, all 
equality standards tend to be simplistic, 
and the P-curve standard is no exception. 

I won’t try to recapitulate the themes of 
this extensive discussion; rather, I will em- 
phasize just two points. The weighted co- 
hort Gini, which we have traditionally em- 
ployed to correct for the upward bias in the 
£-Gini, abstracts from the significant 
changes in life cycle income patterns which 
have occurred in the last several decades. 
Hence it fails to catch the effects of life 
cycle mobility and cohort mobility on 
inequality. These effects are important both 
for our current perception of inequality 
and for our estimate of lifetime income 
differences. Perceived inequality is not just a 
function of where we now are in the income 
ranking, but where we expect to be. An in- 
equality measure should not abstract from 
the life cycle income curve but include it in 
the assessment process. In a limited sense, 
the P-Gini uses the expectation of average 
life cycle mobility in its income comparison 
matrix, and this may be regarded as a first 
_ step toward the inclusion of expectations in 
a traditionally static measure of inequality. 
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NOTES 


Nominations for AEA Officers 


The Electoral College on March 18 chose Robert 
Solow as nominee for President-Elect of the American 
Economic Association in the balloting to be held in 
the autumn of 1977. Other nominees (chosen by the 
nominating committee) are: for Vice-President (two to 
be elected), Edward Denison, Joseph Pechman, William 
Vickrey, Phyllis Wallace; for member 6f the Executive 


. Committee (two to be elected), Robert Clower, William - 


Nordhaus, Lester Thurow, Marina Whitman. 

Under a change in the bylaws as described in the 
Papers and Proceedings of this Review, May 1971, 
page 472, additional candidates may be nominated by 
petition, delivered to the Secretary by August 1, in- 
cluding signatures and addresses of not less than 6 per- 
cent of the membership of the Association for the of- 
fice of President-Elect, and not less than 4 percent for 
each of the other offices. For the purpose of circulat- 
ing petitions, address labels will be made available 
by the Secretary at cost. 


1978 Nominating Committee of the AEA 


In accordance with Section IV, paragraph 2, of the 
bylaws of the American Economic Association as 
amended in 1972, President-Elect Jacob Marschak has 
appointed a Neminating Committee for 1978 con- 
sisting of Andrew F. Brimmer, Chairman; Carolyn 
Shaw Bell, Peter A. Diamond, John G. Gurley, Robert 
M. Haveman, Bert G. Hickman, and Vernon L. Smith. 
Attention of members is called to the part of the bylaw 
reading, “In addition to appointees chosen by the 
President-elect, the Committee shall include any other 
member of the Association nominated by petition in- 
cluding signature and addresses of not less than 2 per- 
cent of the members of the Association, delivered to 
the Secretary before December 1. No member of the 
Association may validly petition for more than one 
nominee for the Committee. The names of the com- 
mittee shall be announced to the membership im- 
mediately following its appointment and the member- 
ship invited to suggest nominees for the various 
offices to the Committee.” 


On March 18, 1977 the Executive Committee of the 
American Economic Association voted to increase 
membership dues and subscriptions 5 percent effective 
January 1, 1978; a complete list of the new rates fol- 
lows. This action was taken under the provision of the 
bylaws permitting the Executive Committee to increase 
the dues schedule in proportion to the increase oc- 
curring in relevant wage and price indexes. As- 
sociation membership dues for 1978 are as follows: 

$26.25 for regular members with rank of assistant 

professor or Icwer, or with annual income of $12,- 

600 or less; $31.50 for regular members with rank of 
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associate professor, or with annual income of $12,- 
600 to $21,000; 36.75 for regular members with rank 
of full professor, or with annual income above 
$21,000; $13.00 for junior members (registered stu- 
dents). Certification must be submitted yearly. Sub- 
scriptions (libraries, institutions, or firms) are $39.35 
a year. In countries other than the United States, 
add $3.70 to cover extra postage. Family member 
(second membership without publications; two or 
more persons living at same address) . . . $5.25. 


The Asia Foundation has awarded the American 
Economic Association a grant to. assist graduate stu- 
dents and visiting professors from Asia currently at 
institutions east of the Mississippi to attend the annual 
meeting of the Association. The 1977 meeting will be 
held in New York City, December 28-30. Approxi- 
mately seven travel grants up to $150 each will be 
awarded. Write the American Economic Association, 
1313 2Ist Avenue South, Nashville, TN 37212 for an 
application form. To be considered for a travel grant, 
completed forms must be returned by October 31, 1977. 


Scientists and Engineers in Economic 
Development (SEED) Pragram 


The National Science Foundation, through a pro- 
gram funded by the Agency for International De- 
velopment (AID), will provide support for individual 
U.S. scientists and engineers to apply their experience 
to specific problems of developing countries. The pro- 
gram’s objectives are to (1) enable U.S. scientists and 
engineers to share experiences with their counterparts 
in developing countries through the conduct of specific 
research and education projects contributing to the 
economic development of the host country; (2) es- 
tablish long-term collaborative relationships between 
U.S. and foreign institutions; and (3) increase the 
capability of scientific and technical institutions in de- 
veloping countries to contribute to economic develop- 
ment. Applicants are limited to scientists and engineers 
from U.S. academic institutions with at least five years 
of postdoctoral or equivalent experience in teaching 
or research and who will return to their institutions on 
completion of the project. For guicelines for the 
preparation of proposals, write or call: Division of 
International Programs; Nattonal Science Foundation; 
Washington, DC 20550; Telephone: (202) 634-7930. 


The Financial Accounting Standards Board invites 
research papers on the economic consequences of finan- 
cial accounting standards and changes therein. Specific 
examples of potential economic consequences that are of 
interest to the Board can be obtained from George J. 


Stabus, Director of Research and Technical Activities, ~ 


Financial Accounting Standards Board, High Ridge 


/ 
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Park, Stamford, Connecticut, 06905, The staff of the 
Board will select several of the papers for presentation 
at the Conference on the Economic Consequences of 
Accounting Standards to be held at the FASB office in 
March 1978. Deadline for papers is December 15, 
1977, 


To introduce members of the American Economic 
Association to Economic Development and Cultural 
Change, the journal is offering a special discount. 
Members who are not presently subscribers may enter, 
before July 1, 1977, one-year subscriptions for $12.00 
(regular rate, $15.00). And please note, all subscribers 
are entitled to order an important new publication, 
„Essays on Economic Development and Cultural Change 
in Honor of Bert F. Hoselitz, at a 25 percent discount. 
For further information write to Orlie Higgins, The 
University of Chicago Press, 5801 S. Ellis Ave., Chi- 
cago, IL 60637. 


Members of the American Economic Association in- 
sured under the Life Insurance Pian will receive a 
credit on their April 1, 1977 Notice of Payment Due 
equal to 50 percent of the amount they contributed 
during the policy year ending September 30, 1976. This 
credit was made possible by favorable experience and 
the continued growth of the Plan. These credits, of 
. course, cannot be guaranteed. Due to a change in the 
Wisconsin insurance regulations, effective April 1, 
1977, Wisconsin members will now be eligible for 
benefits under the group plan (up to $72,000 for a 
member, $35,000 for a spouse and $2,500 for each 
eligible child subject to normal underwriting). Prior to 
this change, members living in Wisconsin have been 
issued individual life insurance policies with lower 
amounts of coverage available. 

All inquiries about the Life Insurance Plan or any of 
the other Plans 'in the Group Insurance Program 


should be made to the Administrator, 1707 L Street, — 


N.W., Washington, D.C. 20036. Telephone (202) 296- 
8030. 


Southern Economic Association meeting, Nov. 2-4, 
1977, New Orleans, LA. 


The Pomerance Prize for Excellence in the Area of 
Options Research was established in December 1976. 
An award of $1,500 in cash will be given annually by 
the Chicago Board Options Exchange for the most 
outstanding completed study on the market for ex- 
change-traded options. Individuals who are employees 
or members of CBOE or are nominees of member orga- 
nizations are not eligible, Studies which have been pub- 
lished prior to November 1976 are not eligible. Appli- 
cations and submissions for the first award must be 
‘eceived by September 30, 1977. The recipient of the 
_ award will be announced December 30, 1977. To re- 
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ceive application forms and further information please 
contact: Michel Tremblay, Liaison—Pomerance Prize 
Committee, Chicago Board Options Excharge, 141 
West Jackson Blvd., Chicago, IL 60604. 


The Secretary of Labor’s Invitational Conference on 
the National Longitudinal Surveys of Mature Women 


-is scheduled to be held in Washington, D.C. January 


1978. Scholars are invited.to submit papers which deal 
with the employment experiences of mature women. 
The deadline is September 30, 1977. Informacion con- 
cerning criteria for selection and other communica- 
tions should be addressed to Isabel V. Sawhill, The 
Urban Institute, 2100 M Street, N.W., Washington, 
D.C. 20037. 


The Association for Comparative Economic Studies 
wishes to announce its new journal, the Journal of 
Comparative Economics, to be published quarterly by 
Academic Press, Inc., 111 Fifth Avenue, New York, 
New York 10003, beginning March 1977. Subscription 
rates may be obtained from Academic Press; members 
of ACES may subscribe through the Association’s 
Executive Secretary, Elizabeth Clayton, Department 
of Economics, University of Missouri, 8001 Natural 
Bridge Road, St. Louis, Missouri 63121. The editor 
invites submission of manuscripts for publication. 
Manuscripts (typed in triplicate) should be sent to 
John Michael Montias, Journal of Comparative Eco- 
nomics, Yale University, Box 16A, Yale Station, New 
Haven, CT 06520. 


The National Research Council will soon be con- 
ducting its biennial survey of a sample of Ph.D.s in 
the U.S. labor force. The survey, sponsored by the 
National Science Foundation with additional support 
from the National Endowment for the Humanities and 
the National Institutes of Health has enjcyed a high 
level of response in 1973 and 1975. In early 1977 the 
third biennial survey will be a conducted to gather cur- 
rent employment and career information on a stratified 
sample of over 80,000 individuals who have received a 
doctorate in the sciences, engineering or the humani- 
ties between 1934 and 1976. The purpose of the survey 
is to obtain data which will help assess the status of the 
nation’s Ph.D.s and to develop policies ard programs 
which affect this important segment of the population. 


The Joint Committee on Research, sponsored by the 
Council on Foundations and the Foundation Center, 
is interested in contacting social scientists engaged in 
or planning research on philanthropy, including analy- 
ses of the history and current structure and function- 
ing of philanthropic institutions and activities. The 
Committee’s interest is to increase scholarly research 
on philanthropy by fostering communication among 
scholars working in this area, by reviewing proposals, 
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and by facilitating funding of those proposals that are 
of particular merit. The Committee is also interested in 
learning about: instructional programs, including 
courses and seminars in graduate and professional 
schools on the tepic of philanthropy. The Committee 
itself is not a funding agency, but it can be a useful 
information and referral source for scholars. Members 
of the Committee are: William J. Baumol, Thomas R. 
Buckman, Fred C. Cole, James Stacy Coles, David F. 


Freeman, Marton Fremont-Smith, Robert F. Goheen,, 


Barry D. Karl, Robert M. Lumiansky, Robert K. 
Merton, Eleanor B. Sheldon, John G. Simon, and 
Logan Wilson. Contact the Joint Committee on Re- 
search, Hugh F. Cline, Chairman, Joint Committee on 
Research, Educational Testing Service, Princeton, 
New Jersey 08540. 


The jointly sponsored Ford and Rockefeller Foun- 
dation’s Research Program is interested in receiving 
proposals focussing on the formulation, implementa- 
tion and evaluation of population policy as it relates 
to social and economic development. Of particular 
interest to this year’s program are proposals that may 
help in closing the gap between research and policy 
planning on development issues. Submissions are en- 
couraged on a broed range of topics, including: deter- 
minants of demographic behavior, with emphasis on 
variables subject to planned intervention; conse- 
quences of population trends at the household, 
community or national! levels; political, cultural, eco- 
nomic, and demographic factors influencing the for- 
"mulation of population policies; demographic impact 
of public policies and programs, or conversely, the 
social, economic, and political impact of population 
policies. 

The deadline for submission of proposals is July 1, 
1977, and awards will be announced in December. The 
proposed research may begin on or after January 1, 
1978. For further program information outlining ap- 
plication procedures, please write to: The Ford and 
Rockefeller Foundations’ Research Program on Popu- 
lation and Development Policy, The Ford Founda- 
tion, 320 East 43rd Street, New York, 10017. 


Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings 
abroad that are concerned with the humanistic aspects 
of their discipline are eligible to apply for small travel 
grants of the American Council of Learned Societies. 
Grants are likely to cover only lowest cost excursion 
fares and will rarely exceed 50 percent of full economy- 
class fares. Specifically, economists may be eligible if 
(a) they deal with che history of economic thought or 
economic history, end (b) if their approach is qualita- 
tive and descriptive rather than quantitative and statis- 
tical. Conferences dealing with the establishment of 
social policy or legislation are ineligible. The deadlines 
for applications to be received in the office of the 
American Economic Association are: meetings sched- 
uled between July and October, March 1; for meetings 
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scheduled between November and February, July 1; 
for meetings scheduled between March and June, 
November |. Application forms may be obtained 
from C. Elton Hinshaw, Secretary, American Eco- 
nomic Association, 1313 21st Avenue South, Nash- 
ville, TN 37212. 


Deaths 


Taulman A. Miller, professor of economics, Indiana 
University, Jan. 24, 1977. 

Chester A. Phillips, dean emeritus, University of 
Iowa College of Business Administration, Dec. 1, 
1976. 


Visiting Foreign Schoiars 


Patrick Messeriin, Université Paris XII: visiting 
assistant professor, University of Houston, Jan. 1977. 


Promotions 


R. Keith Aufhauser: associate professor of eco- 
nomics, Queens College, Jan. 1, 1977. 

William A. Bachman: assistant professor of eco- 
nomics, Niagara University, Sept. 1, 1976. 

Michael R. Dohan: associate professor of eco- 
nomics, Queens College, Jan. 1, 1977. 

Kurt Hausafus: associate professor, Oberlin College. 

Michael J. P. Magill: associate professor of eco- 
nomics, Indiana University, July 1976. š 

James H. Schulz: professor of Welfare economics, 
Heller Graduate School, Brandeis University, Sept. 
1976. 

Peter D. Sternlight: senior vice president, Open 
Market Operations and Treasury Issues Function, 
Federal Reserve Bank of New York, Jan. 1, 1977. 

James M. Suarez: associate professor, Hunter Col- 
lege, Jan. 1, 1977. 


Administrative Appointments 


Herman A. Berliner: assistant provost, Hofstra 
University, Dec. 1, 1976. 

Bert T. Glaze: director of evening school, Marietta 
College, Sept. 1976. 

William Hamovitch: acting provost, Queens Col- 
lege, Feb. 1, 1977. 

Rodney J. Morrison: chairman, department of eco- 
nomics, Wellesley College, July 1, 1977-J-une 30, 1980. 

R. Lynn Rittenoure, Naval Postgraduate School: 
chairman, department of economics, University of 
Tulsa, July 1, 1977. 

James E. Zinser: chairman, department of eco- 
nomics, Oberlin College, Feb. 1977. 


Appointments 


Sham L. Bhatia: assistant professor of economics, 
Indiana University Northwest, Fall 1976. 

Erwin A. Blackstone: associate professor, depa A 
ment of economics, School of Business Administra- 
tion, Temple University. 
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Sandra Cohan, Federal Deposit Insurance Corpora- 
tion: visiting associate professor, Oberlin College, 
Sept. 1976. 

Dale S. Drum, Wichita State University: econo- 
mist, Federal Reserve Bank of Chicago, July 15, 1976. 

James M. Griffin, University of Pennsylvania: pro- 
fessor of economics, University of Houston, Jan. 
1977. 

Simon Hakim: assistant professor, department of 
economics, School of Business Administration, 
Temple University. 

David T. Kresge: senior research staff, National 
Bureau of Economic Research, Jan. 1977. 

Andrew Madsen: assistant professor, department of 
economics and commerce, Niagara University, Jan. 1, 
1977, i 

Steven K. Palmer: assistant professor of economics 
and management, Marietta College, Aug. 1976. 

Claudio A. Pardo: economist, foreign research divi- 
sion, Federa! Reserve Bank of New York, Nov. 4, 
1976, 

Joel Popkin: senior research staff, National Bureau 
of Economic Research, Jan. 1977. 

Arturo C. Porzecanski, Centro de Estudios Mone- 
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tarios Latinoamericanos: economist, Morgan ‘Guar- 
anty Trust Co., New York, Feb. 1, 1977. l 

John Raisian, University of Washington: assistant 
professor, University of Houston, Sept. 1976. 

Roy J. Ruffin, Carleton College: professor of eco- 
nomics, University of Houston, Jan. 1977. 

William J, Stull: associate professor, department of 
economics, School of Business Administration, 
Temple University. 

Howard P. Tuckman: director, Center for the Study 
of Education and Tax Policy, Institute for Social Re- 
search, Florida State University, Sept. 15, 1975. 


Leaves for Special Appointments 


Kurt Hausafus, Oberlin College: Chicago Mer- 
cantile Exchange, 1976-77. 

James R. Prescott, Iowa State University: eco- 
nomic advisor to the Iranian government, Dec. 1, 
1976, 

Douglas K. Pearce, University of Houston: visiting 
assistant professor, Université Paris XII, Jan. 1977. 

David Segal, Oberlin College: Graduate School of 
Design, Harvard University, 1976~77. 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following style: 


A. Please use the following categories: 


i—Deaths 

2— Retirements 

3—Foreign Scholars (visiting the USA or Canada) 
4—Promotions 

5—Administrative Appointments 


6-—New Appointments 

7—Leaves for Special Appointments (NOT Sabbaticals) 
8-—Resignations 

9-— Miscellaneous 


B. Please give the name of the individual (SMITH, John W.), his present place of employment or enrollment: 
his new title (if any), and the date at which the change will occur. 


C. Type each item on a separate 3x5 card and please do not send public relations releases. 
D. The closing dates for each issue are as follows: March, November 1; June, February l; September, May 1; 


December, August 1. 


This annodncement supersedes and replaces a letter which was sent annually from the managing editor's office. 
All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown Uni- 


versity, Providence, Rhode Island 02912. 





Begin making plans to attend the 


— WNinetieth 
Annual Meeting of 


The American 
Economic Association 








to be held in 
NEW YORK CITY 


Wednesday, Thursday, Friday 
DECEMBER 28-30, 1977 


The Employment Center opens Tuesday, December 27. 


See the Notes section of the September, AER for the pre- 
liminary program. 


The 1978 meeting will be held in Chicago, IL, August 29-37. 





New Policy Studies 
in Employment and Welfare 
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Jobs for the Disabled 


Sar A. Levitan and Robert Taggart 
Although vocational rehabilitation has developed into a 
major social commitment over the past decade, the authors 
find that an overall strategy is lacking. They recommend 
policy changes, urging the expansion of programs to create 
jobs and suggesting cutbacks in some vocational rehabilita- 
tion services that have little impact on employability. 

$9.00 hardcover, $3.50 paperback 


“New Careers” Grows Older 


A Perspective on the Paraprofessional 

Experience, 1965-1975 

Robert Cohen 

From his own experiences in the field as well as other data, 
the author traces the development of the “new careers” pro- 
gram. He gives concise and up-to-date information on such 
critical issues as recruitment, training, supervision, and job 
mobility and bases his conclusions and projections on direct 
empirical evidence. $9.50 hardcover, $3.50 paperback 


Entry-Level Health Occupations 


Development and Future 
Harold M. Goldstein and Morris A. Horowitz 
On the basis of studies carried out at hospitals and clinics, 
the authors evaluate employment practices in the health 
industry. Their recommendations for restructuring the indus- 
try take into consideration the job opportunities that a 
national health insurance program is likely to provide. 

$8.50 hardcover, $3.25 paperback 


. Jobless Pay and the Economy 


Daniel S. Hamermesh 
Some $17 billion in unemployment insurance was paid out in 
1975. This overview of the present system offers both spe- 
cialists and students a guide to current practices (which vary 
considerably from state to state) and a concise summary 
based on economic analysis of the costs and benefits 
involved. The author then details ways by which a more 
equitable arrangement of taxes and benefits may be realized 
within the existing structure. 

$8.50 hardcover, $3.25 paperback 


The Johns Hopkins University Press, Baltimore, Md. 21218 
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FROM MANDEVILLE TO MARX 
The Genesis and Triumph of 
Economic Ideology 


Louis Dumont 


Analyzing the writings of Locke, Mande- 
ville, Adam Smith, and Marx, Dumont 
traces the progressive ideological disen- 
gagement of economics from religion, 
politics, and morality in the West. 

240 pages Cloth $16.50 


MASS SOCIETY AND THE 
EXTENSION OF WELFARE 
1960-1970 

Kirsten A. Grønbjerg 


THE BROTHERHOO 
OF OIL 
Energy Policy and the 
Public Interest 


Robert Engler 


Taking the 1973-74 energy 
“crisis” as a case study, the 
author of The Politics of Oil 
traces the efforts of oil merchants 
to integrate all available energy 
resources into their empire. 

352 pages Cloth $12.50 


Through a pioneering analysis of national welfare statistics, Gr@nbjerg 
explores the pivotal role of changing concepts of citizenship in the welfare 


explosion. 
256 pages Cloth $16.00 


THE CITIZEN AND THE STATE 
Essays on Regulation 

George J. Stigler 

224 pages Paper $4.25 


LABOR IN AMERICAN 
POLITICS 

J. David Greenstone 

With a new Introduction by the author 
xxvi, 458 pages Paper $5.95 





THE LIMITS OF LIBERTY i 
Between Anarchy and Leviathan 
James M. Buchanan 


xi, 210 pages Paper $3.95 


The University of 
Chicago Press 
Chicago 60637 
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New and Forthcoming Books from | 
North-Holland Publishing Company | 


Latent Variables in Socio-Economic Models 
Contributions to Economic Analysis, Vol. 103 
edited by D. J. AIGNER and A. S. GOLDBERGER, 
Univ. of Wisconsin-Madison. 

1977, 398 pages. 

US $ 48.95/Dfl. 120.00 


Economic Progress, Private Values, and 
Public Policy 

Essays in Honor of William Fellner 

edited by BELA BALASSA, The Johns Hopkins 
Univ., and RICHARD NELSON, Yale Univ. 
1977, 348 pages. 

US $ 44.95/Dfl. 110.00 


Growth Patterns of the Kibbutz Economy 
Contributions to Economic Analysis, Vol. 108 
by HAIM BARKAI, The Hebrew Univ. and 

The Maurice Falk Institute, Jerusalem. 

1977, about 325 pages. 

US $ 44,95/Dfl. 110.00 


Stabilization of the Domestic and 
International Economy 

Carnegie-Rochester Conference Series, Vol. V 
edited by KARL BRUNNER, Univ. of Rochester, 
and ALLAN H. MELTZER, Carnegie-Mellon Univ. 
1977, 326 pages. 

US $ 15.50/Dfl. 37.50 Paperback 


Relevance and Precision 

From Quantitative Analysis to Economic Policy 
Essays in Honour of Pieter de Wolff 

edited by j. S. CRAMER, A. HEERTJE and P. 
VENEKAMP, Univ. of Amsterdam. 

1976, 318 pages. 

US $ 27.95/Dfl. 68.50 


Models of Preventive Maintenance 

Studies in Mathematical and 

Managerial Economics, Vol. 23 

by ILYA B. GERTSBAKH, Ben Gurion Univ. of 
the Negev, Beersheva. 

1977, 272 pages. 

US $ 34.75/Dfl. 85.00 


National Monetary Policies and 
International Financial Markets 
Contributions to Economic Analysis, Vol. 104 
by RICHARD J. HERRING and RICHARD C. 
MARSTON, Univ. of Pennsylvania. 

1977, 318 pages. f 
US $ 32.75/Dfi. 80.00 


Skew Distributions and the Sizes of 

Business Firms 

Studies in Mathematical and Managerial 
Economics, Vol. 24 

by YUJI IJIRI and HERBERT A. SIMON, 
Carnegie-Mellon University. 

1977, 242 pages. 

US $ 29.50/Dfl. 75.00 


Applications of Contro! Theory to 
Economic Analysis 

Contributions to Economic Analysis, Vol. 101 
edited by JOHN D. PITCHFORD and STEPHEN 
J}. TURNOVSKY 

1977, 376 pages. 

US $ 48.95/Dfi. 120.00 


Education, Economic Growth and 

Income Distribution 

Contributions to Economic Analysis, Vol. 112 
by J. J. M. RITZEN, Social and Cultural 
Planning Office, Government of the Netherlands 
1977, 296 pages. 

US $ 28.75/Dfl. 70.00 


Estimating Electric Power System 

Marginal Costs 

Contributions to Economic Analysis, Vol. 107 
by C. R. SCHERER, Univ. of California, 

Los Angeles 

1977, 372 pages. 

US $ 48.95/Df1.120.00 


Linear Programming and 

Related Techniques 

Second, Revised Edition 

by C. VAN DE PANNE, Univ. of Calgary, Alberta 
1976, 450 pages. 

US $ 22.50/Dfl. 55.00 


ELSEVIER NORTH-HOLLAND, INC. 


52 Vanderbilt Avenue, NEW YORK, NY 10017 | P.O. Box 211, AMSTERDAM, The Netherlands 
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A DECADE OF FEDERAL ANTIPOVERTY PROGRAMS 


ACHIEVEMENTS, FAILURES, AND LESSONS 
Edited by ROBERT H. HAVEMAN 


A Volume in ihe INSTITUTE FOR RESEARCH ON POVERTY 
POVERTY POLICY ANALYSIS Series 


What progress and setbacks were experi- 
enced in the first Gecade of the War on 
Poverty? In February 1975, the Instituce for 
Research on Poverty sponsored a major 
conference to deal with this question, and 
commissioned prominent scholars to re- 
view the policies of the war's first decade. 


Perhaps the only full-scale decade review . 


of this important policy area, A Decade of 
Federal Antipoverty Programs contains the 
seven major papers prepared for that con- 
ference, each with two commentaries by 
conference discussants. It also includ2s an 


overview by the editor which summarizes 
the progress against poverty in the decade. 
The papers discuss the origins of the War 
on Poverty, and analyze its programs in the 
areas of health, community -action, legal 
services, equal opportunity in housing and 
employment, income maintenance, and edu- 
cation and training. 


1977, 392 pp., Cloth: $17.00; Discount 
Price, $15.30 ISBN: 0-12-333250-8; 
Paper: $5.00; Discount Price, $4.50 
ISBN: 0-12-333256-7 


THE PROCESS OF STRATIFICATION 


TRENDS AND ANALYSIS 
By ROBERT M HAUSER and DAVID L. FEATHERMAN 
A Volume in the STUDIES IN POPULATION Series 


This book's substantive investigatiors and 
methodological advances cover: the use of 
occupational status as a measure of social 
standing; the effects of changing occupa- 
tional opportunities on social stratification; 
differences between the sexes in patterns 
of occupational mobility across generations; 
changes in the relative opportunities of 


ADAPTIVE ECONOMIC MODELS 
Edited by RICHARD H. DAY and THEODORE GROVES 


This volume contains nineteen capers 
and four abstracts of papers encompassing 
such areas as: general theory of adaptive 
eccnomic processes and biological systems 
as paradigms for adaptation; adaptive rules 
of thumb and the convergence of adaptive 
behavior to maximization; evolutionary the- 
ory of the firm and adaptive learning by 
firms; market behavior under rational ex- 


black and white men; the extent of indus- 
trial mobility; the persistence of income lev- 
els and status from generation to genera- 
tion; new ways of analyzing trends in socia! 
inequality and mobility. 

1977, 384 pp., $19.50; Discount Price, 
$17.55 ISBN: 0-12-333050-7 
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pectations and adaptive learning; temporary 
equilibrium theory in stcechastic general 
equilibrium models with monetary institu- 
tions; diffusion of technological innovations 
and adaptive behavior models of the chem- 
ical process industry. 


1975, 602 pp., $24.50; Discount Price, 
$22.05 ISBN: 0-12-207350-9 


Send payment with order and save postage plus 50¢ handling charge. 
Prices are subject to change without notice. 


ORDERS FOR $5.00 OR LESS MUST BE PREPAID. 


ACADEMIC PRESS A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 


Please send me the following books at a 10% 
discount: 


——copies, Haveman: A Decade of Federal 
Antipoverty Programs, Cloth @ $15.30 

——copies, Haveman: A Decade of Federal 
Antipoverty Programs, Paper @ $4.50 

— copies, Hauser/Featherman: The Process 
of Stratification @ $17.55 

——.copies, Day/Groves: Adaptive Economic 
Models @ $22.05 


Check enclosed__ Bill me— 


NAME 
ADDRESS 


CITY/STATE/ZIP. 


New York residents piease add sales tax. 
Direct all orders to Mr. Paul Negri, Media Dept. 


AmEcoRev/6/77 
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Important Books by Jaroslav Vanek 


The Labor- Managed Economy 


Essays 
This new book by Professor Vanek brings together fif- 
teen essays that represent an extension on many fronts 
of the theory of labor management presented in his 
earlier books (see below). The author’s broadly based 
arguments supporting the efficiency and desirability of 
labor-managed economic systems provide a valuable 
framework for further discussion. $17.50 


THE GENERAL THEORY OF LABOR-MANAGED MARKET ECONOMIES $19.50 


THE PARTICIPATORY ECONOMY-—An Evolutionary Hypothesis and a 
Strategy Development Paper, $2.45; Cloth, $12.50 


MAXIMAL ECONOMIC GROWTH-—A Geometric Approach to Von 
Neumann's Growth Theory and the Turnpike Theorem $12.50 





CORNELL UNIVERSITY PRESS ITHACA AND LONDON 


Feat ame ee 


An essential source for scholars and practitioners... 


An International Review of 
Unemployment Insurance Schemes 


Saul J. Blaustein and Isabel Craig 


This is the latest in the Studies in Unemployment Insurance series. 


Inquire: 


Book Department we UPJOHN 
W. E. Upjohn Institute for Employment Research en TE 
300 S. Westnedge Ave., Kalamazoo, MI 49007 FOR EMPLOYMENT 


RESEARCH (RKE 
ESTABLISHED 1948 
Miad 


267 pages/1977/paper/$4.00 - quantity discounts 
15 volume series specially priced 
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TRANSPORTATION ECONOMIC: 
LINEAR MODELS « ECONOMETRICS 








TRANSPORTATION ECONOMICS AND 
PUBLIC POLICY: With Urban Extensions 
Alan Abouchar | 

This important book presents an integrated analysis 
of pricing principles and policy, cost theory and 
measurement, and investment criteria and budget 
formulation. It relates the main aspects of transport 
policy to larger public finance constraints and 
objectives, examining basic goals of social welfare 
maximization. 
(0 471 02101-6) 1977 

approx. 352 pp. -$17.95 


A STRUCTURAL ECONOMETRIC MODEL 
OF THE SAUDI ARABIAN ECONOMY: 
1960-1970 

Faisal S. Al-Bashir 

Here’s the first major quantitative book to present 
the Saudi Arabian economy as a whole rather than 
just the oil secior. (All statistics are updated to 1975.) 
This unique book shows readers: how to deal with 
quantification of an economy where the data is of 
low quality or requires adjustment according to the 


FINANCE « POLITICAL HISTORY 
EXPORTS « INTERNATIONA! 


reality of the economic environmeni at work; how to . 


treat a specific sector’s impact on the economy as a 
whole; and how to adjust the definitions of some 
traditional econemic variables to reflect the real 
characteristics of the economy. 

(0 471 02177-6) 1977 

approx. 192 pp. $18.95 (tent.) 
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Professional topics demanding 





PREDICTION AND IMPROVED 
ESTIMATION IN LINEAR MODELS 

John Bibby & Heige Toutenburg ` A 
Dealing with recent developments in the theory än 
practice of biased estimation and prediction, this 
book demonstrates that biased methods are often 
better than conventional unbiased methods in a 
least squares sense. Topics discussed include 
ridge regression, Stein estimation, Bayesian meth- 
ods, and Box-Jenkins methods. Also contains a 
chapter of problems of practica! application. 

(0 471 01656-X) 1977 ; 
approx. 126 pp. $13.95 (tent.) | 


ECONOMETRICS OF INVESTMENT 
J.C.R. Rowley & P.K. Trivedi . re 
This contribution to applied economics containsa 
survey of critical issues in, and potential i 
approaches to, the study of investment in fixed ca 
ital formation and inventories. Using economic 






mation and testing methods, the book analyzes the 
investment process. Readers find clear illustration, 
of the current state of affairs and elements of a 
framework for future developments.’ 

(0471 74361-5) 1975 205 pp. $21.00 ` 
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AUDI ARABIAN ECONOMY - 

F INVESTMENT ¢ INTERNATIONAL 

IF MONEY ¢ PRIMARY COMMODITY 
RONMENTAL ECONOMICS 


rofessional books... 





E ARENA OF INTERNATIONAL 
























s of the former Senior Vice President of the 
eral Reserve Bank. It covers the international 
netary upheavals, including Nixon's policy of 
ign neglect administered by John Connally, 
retary of the Treasury. 


ntral banking is not the raciest of subjects, but 
Mr. Coombs it is certainly never dull. There is 
pleasure of being taken behind the scenes, of - 
ng let into the jealousies and the jokes....One 

s not have to believe slavishly in his philosophy 
nioy this very readable book! —The Economist 


1 01513-X) 1976 
pp. $12.95 


OOL OF POWER 
e Political History of Money 
liam Wisely 
first comprehensive history of all major forms of 
ney, it includes information on the international 
netary rules in effect since the signing of the 
aica Agreement in January 1976. Combining 
professional expertise with details of these 
ent international agreements, Wisely has written 
most extensive history of money ever RpUpianed: 
¥102235-7) 1977 
prox. 300 pp. $14.95 (tent. j 


railable at your bookstore or write to Peter 
dges, Dept. 8072. 


WILEY-INTERSCIENCE 
W a division of John Wiley & Sons, inc. 
605 Third Ayenue 
New York, N.Y. 10016 
Canada: 22 Worcester Road, Rexdale, Ontario 
JA subject to change without notice. 
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PRIMARY COMMODITY EXPORTS AND 
ECONOMIC DEVELOPMENT 

Theory, Evidence, and a Study of 
Malaysia 

John T. Thoburn i 

Combining a wide-ranging treatment of theoretical 
and practical issues of trade and development, this 
book focuses on the role primary commodities play 
in the development of Third Worid countries. It 
stresses the difference in development effects 
between diverse export products and suggests that 
these differences are more important than “man- 
ufacturing vs. primary production’ All the issues are 
investigated in depth in a case study of Malaysia— 
the world’s largest exporter of rubber, tin, and palm 


oil. 
(0 471 99441-3) 1977 
approx. 336 pp. $19.95 (tent.) 


STUDIES IN INTERNATIONAL 
ENVIRONMENTAL ECONOMICS 

Ingo Walter 

“As nations go about the business of protecting the 
environment in different ways, according to dif- 
ferent time schedules, employing different policy 
instruments, international economic relations are 
sure to be affected....Such problems of environ- 
mental management in an economically interde- 
pendent community of nations form the focus of the 
studies contained in this volume: —From tne 
Preface 


Contributors to this book range from young schol- 
ars beginning research in this area to distinguished 
international economists who apply the tools of 
their trade to the environment problem. You'll find 
discussions of the implications for international 
economy of trans-frontier pollution and environ- 
mental damage to global resources. 

(0 471 91927-6) 1976 

364 pp. $22.95 
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STAFF PAPERS 


` 


Published by the International Monetary Fund three times a year with summaries in English, French, and 
Spanish. 


Vol. XXIV March 1977 No. 1 


Measures of Potential Output in Manufacturing for Eight Industrial Countries, 1955-78 ......... 
REEE E A E A Ace AEE Ene ieee EEE Daath ae eos ee Rs ial Gentes Beate ae Jacques R. Artus 


A Simple Model of the Private Gold Market, 1968-74: An Exploratory Econometric Exercise .... 
TEE aaar a a o Leske Lipschitz and Ichiro Otani 


Dollar Intervention Within the Snake .....0...0.00 0.00 0c c cc ce cee ee ees Joanne Salop 
Purchasing Power Parity and the Balance of Payments: Some Empirical Evidence ....... EEE 
ELE EEE EE S E deca EE E earl E EE AEE EE EE ESET Arturo Brillembourg 
The Fiscal Role of Food Subsidy Programs ................ 0.00. c cu eceeeee Jeffrey M. Davis 
Controlling Fluctuations in Credit 2.0.0.0... 0000 ccc eee een Peter M. Keller 
Inflation, Lags in Collection, and the Real Value of Tax Revenue .................... Vito Tanzi _ 
External Debt Management and Balance of Payments Policies ................. Claudio M. Loser 
The Fund Agreement in the Courts—XII ............... eee Te ae eee ee Joseph Gold 


Staff Papers is one of four subscription periodicals published by the Fund: Staf Papers ($6 a year or $2.50 for a 
single copy), Balance of Payments Yearbook ($7.50), Direction of Trade ($10), and International Financial Statistics 
($20). Special rates to university libraries, faculty members, and students: $3 a year for each of the first three titles 
(single copies of Staff Papers are $1) and $5 a year for International Financial Statistics, or all four periodicals for 
$12 a year. Subscriptions in other currencies accepted. 


Address inquiries to The Secretary, International Monetary Fund, Washington, D.C. 20431, U.S.A. 
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OVERSEAS ASSIGNMENT 
The Kuwoit Institute for Scientific Research, a rapidly expanding institute for applied 
science and technology, seeks researchers interested in taking up an interesting ond 
challenging career. 


ECONOMIST 

trained in quantitative techniques preferably with competence in some of the following 
fields: Mathematical Programming, Economatrics, Benefit/Cost Analysis, Economic 
Development, Transportation, Economics, Education, Resources Management, 
Environmental Impact, etc. Qualifications: Ph.D. in Economics with considerable experience. 

















Kuwait institute offers attractive salaries commensurate with qualifications and 
experience, liberal fringe and medical benefits with round-trip air tickets. 


For application forms, contact Mr. Fallah, Kuwait Embassy, Washington, D.C. or _ 
Mr. Al-Ownazi of Kuwait Embassy, London, UK. 


Please airmail complete applications not later than July 15, 1977, to: Director of Research, 
Attention: Mr. Habib Al-Sahaf, 

Kuwait Institute for Scientific Research, P.O. Box 12009, Kuwait. 

Or for fastest respense, call our agent's toll-free operator (800) 227-4621. 


Kuwait Institute for Scientific Research 
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New Penguins in Economics 


KARL MARX 

David McLellan 

A discussion of Marx’s titanic achievements and their 
repercussions, interwoven with a dramatic account of his personal 
life and a survey of the growth and nature of his reputation. Modern 


Masters Series. 
0-14-004320-9 $1.95 


KARL MARX: Man and Fighter 
Boris Nicolaievsky & Otto Maenchen-Helfen 


A portrait of Marx as politician and socialist militant as well as 
philosopher and economist. Here is the Marx of the Communist 
League and the International Working Men’s Association, Marx as 
journalist and family man beset by poverty. 

Q-14-021594-8 $4.95 


THE ECONOMICS OF MARX: Selected Readings of 
Exposition & Criticism 

Edited by M.C. Howard and J.E. King 

These readings were chosen to serve as an introduction to the salient 
features of Marx’s economic thought. In addition to Marx himself, 
the authors include Thomas Sowell, Ronald Meek, and Shlomo 
Avineri. 

0-14-080879-5 $4.95 

MARXIAN AND POST-MARXIAN POLITICAL 
ECONOMY: 

An Introduction 

Arun Bose 

This book relates modern economic thinking, both Marxian and 
non-Marxian, to the Marxist tradition and to current readings in 


economics. 
0-14-080915-5 $5.95 


Write for free catalogs. 


PENGUIN (\\BOOKS 


625 Madison Avenue 
New York, N.Y. 10022 
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Some New G& Recent Texts =: 


THE POLITICAL ECONOMY OF THE NEW LEFT 
AN OUTSIDER’S VIEW, SECOND EDITION 


Assar Lindbeck 


Essays by critics and advocates of the New Left have been added to 
Lindbeck’s systematic analysis of the economic positions and proposals of 
the New Left. This edition also includes a previously unpublished essey 
by Lindbeck that views the ideas of the New Left within the context 


of political theory. 239 pages; $5.95/paper. January 1977. ISBN 0-06-044009-0. 


STAGFLATION 


A RADICAL THEORY OF UNEMPLOYMENT AND INFLATION 


Howard J. Sherman 


“A superior job of exposition. Much more clearly than most of his rivals, 


Sherman explains a fair number of important concepts.” —Robert Lekachman, 


Herbert H. Lehman College/Prominent radical economist Howard J. 


Sherman expounds his views on unemployment and inflation in this informal, 
jargon-free text. 252 pages: $5.95/paper. November 1976. ISBN 0-06-046106-3. 


HUMAN RESOURCES AND LABOR MARKETS 


` LABOR AND MANPOWER IN THE AMERICAN ECONOMY, 


SECOND EDITION 


Sar A. Levitan, Garth L. Mangum, and Ray Marshall 


This well-known, comprehensive text combines traditional labor economics 
with current material on development of human resources and federal 
manpower programs. Theory and policy are carefully integrated, and theory 
useful for policy decisions is stressed. 631 pages; $17.95. 1976. 

ISBN 0-06-043999.8, 


URBAN ECONOMIC PROBLEMS 


Richard F. Muth 


This text presents an economic analysis of urban economic problems and 
offers well-supported answers as to why they occur and what their solutions 
are. Realistic urban problems are stressed over economic theories of 

cities and their structure. 402 pages; $14.95. 1975. ISBN 0-06-044705-2. 


N 


To request examination copies, write 
to Lilian Schein, Dept. 428. Please 
include course title, enrollment, and 
present text. 

10 East 53d Street 

New York, N.Y. 10022 
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PUBLICATIONS FROM 
UNITED NATIONS 


WORLD STATISTICS IN BRIEF 


The first in a new series of annual compilations of basic international 
Statistics issued under the title The Statistical Pocketbook. lt has been 
undertaken In response to a General Assembly resolution in which the 
Secretary-General was requested to supply basic national data which would 
increase international public awareness of countries’ development efforts. 


The first part contains demographic, economic and social statistics for the 
world as a whole, selected regions of the world, and major countries. The 
second part has a separate page for each of 139 countries showing important 
and frequently consulted statistical indicators. 


This, the first edition, generally covers the years 1960, 1965, 1970 and 1973. 
The statistics included have appeared previously in United Nations publica- 
tions and for each year are those most recently published up to mid 1975. 
For everyone who needs important basic facts relating to various countries, 
this compact publication should prove useful and rewarding. 





WORLD STATISTICS IN BRIEF 243 p. $3.95 
P as Wan, ; : : . 

‘a S United Nations Publications United Nations Publications 

. : Room LX-2300 or Palais des Nations 

e) KE New York, N.Y. 10017 Ch-1211 Geneva 10, Switzerland 


The OPEC Market to 1985 Facing Financial Exigency: Strategies for 


Farid Abolfathi, Gary Kenyon, Margaret Daly 
Hayes, Leo A. Hazelwood, Robert Crain, 
CA.CI, Inc.—Federal 

Develops a forecasting model for determining 
future imports of real goods and services by 
OPEC nations. 

Spring 1977 LC 76-44612 ISBN 0-669-01102-9 


Research, Technological Change, and Economic 
Analysis 

edited by Bela Gold, Case Western Reserve 
University 

An evaluation of the economic effects of major 
technological innovations. 

Spring 1977 LC 76-50498 ISBN 0-669-01286-6 


Forecast of Oil and Gas Supplies from U.S, 
Offshore Areas 

Frederik W. Mansvelt Beck, Kari M. Wiig 

Arthur D. Little, Inc. 

An analysis of the economics of offshore drilling. 
Spring 1977 LC 76-54558 ISBN 0-669-01306-4 


Stochastic Dominance: An Approach to Decision- 
Making Under Risk 

edited by G. A. Whitmore, McGill University, 

M. C. Findlay, University of Southern California 
A reference source on stochastic dominance. 
Summer 1977 LC 76-55111 ISBN 0-669-01310-2 


Educational Administrators 

edited by Frank R. Kemerer, Ronald P. Satryb, 
State University of New York 

Management strategies for postsecondary educa- 
tion are discussed by a wide variety of experts. 
Spring 1977 LC 76-45606 ISBN 0-669-01114-2 


The Interaction of Economics and the Law 
edited by Bernard H. Siegan, University of San 
Diego Law School 

Provides a basis for economic analysis of propo- 
sals for new laws or regulations. 

Spring 1977 LC 76-1223 ISBN 0-669-01340-4 


Write for complete descriptions and catalog. 


ray 


HEATH 


Lexington Books 

D. C. Heath and Company 

125 Spring Street 

Lexington, MA 02173 

(212) 924-6460 (617) 862-6650 


Call our toll-free number 
(800) 428-9292 
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“Economic Development i in the Third World 2 
“AN Introduction to Problems and Policies i in (Global Perspective — 
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Herei isan exciting: new publication'c on economic development witha vital differ- 
cence. Unique in.organization and orientation, it embodies, important pedagogic . -. 
we tinriovations which Tepresent significant improvements over existing books i in, fare 
. "the field. =, 3e A E: 
', » First, rather than deal with abstract models or sterile debates, this book's: fone m 
- is on real world development problems faced by countries in Asia, Africa and. 
- Latin America. Major problems such as poverty, inequality, unemployment 
‘and rural stagnation ate each analyzed from a theoretical, einplerce! and Pony z 
» perspective for a wide range of developing nations. : ae te 


"Second, the Third World nations are considered not shiyi in their- capatity ásin- - 4 
y dependent nation States but also in relation to one.another and in their, inter- : 
i action with rich nations, both capitalist and socialist. 


; “Third, because the’author recognizés the need for’ treating the problems. of 
. . development and underdevelopment from an: institutional and structural (e.a °  * 

_.‘non-ecanomic’) as well as an economic perspective, he incorporates, relevant Sie 
a ‘theory with realistic institutional analyses. a aa 


“* Fourth, development problems ate Viewed in both a ‘domestic and global con- 
text, with emphasis or the growing interdependence ‘of the world economy in ae 
„areas such as food, energy, technology and natural resources, o & | e fe HER 
„Finally, emphasis is placed on the policy choices facing governments jn dë: l 
“veloped nations as'they confront: growing Third World demands fora’ new inter- 


~enational economic order’, se oe z J a 
“The Author:. * E ‘ 7 


Michael P. Todaro, Ph.D. is Deputy Director anid S Senior Associate of the l 
“Center, for Policy Studies of the. Population Council in New York. Previous to this ` 
“appointment, he was Visiting Professor of Development Economics at the 
--University of Califérnia, Santa Barbara.’He has traveled’ and lectured widely 
pthroughout Asia and Latin ence, and has spent over fi ive years | of RE 


U 


“including The Amonen Economie Review 





-. Available June 1977. © a oi. 
448 pages, line illus., tables, appendixes, bibliography; index E ee a 
_ISBN 0-582-44628-7 een, a : hardkack $14.95 
onaman Ince. =, se ae, ee Ee a : 
7 a, - 
4°" se sf F s% a 
19 YOSI 44th Street’ k F 
New York, NY 10036 ` | a Se a a 
< F #, : F K i ; ‘ ý % l A l Bae g Ba i $ : pi = 3 gi ssi ae 





Please mention Tur American Economic Review When Writing to Advertisers 


xii 


New Books in Economics 
CAPITAL VERSUS THE REGIONS 


Stuart Holland 


The author provides a much-needed re-evaluation of those regional imbalances which 
stub>ornly persist in western capitalist economies. Dr. Holland argues for a new kind of 
regional planning—focusing on meso-economic enterprise——that will enable the mocern 
capitalist state to deal effectively with regional problems. 


June 1977 328 pages $14.95, cloth 


THE REGIONAL PROBLEM 


Stuart Holland 


Expanding on the arguments developed in Capital Versus the Regions, the author applies 
his theories to regional policies in the United States and Western Europe, 





June 1977 180 pages $12.95, cloth 
CROP MANAGEMENT ECONOMICS 
Allan N. Rae 


This long-awaited volume provides an invaluable link between the theoretical concepts of 
production economics and the practical application of agricultural management techniqves. 


April 1977 520 pages $15.95, cloth 


ECONOMIC DEVELOPMENT 
IN SOUTH ASIA 


Jogindar S. Uppal 


Here is a concise presentation of the economic problems facing the developing nations of 
South Asia—India, Nepal, Pakistan, and Sri Lanka. Interdisciplinary in approach, this study 
examines economic problems within the social and cuitural contexts of these societies. 


March 1977 200 pages, illustrated $12.95, cloth 


ECONOMICS AND LAND 
USE PLANNING 


A.J. Harrison 


In this important new study, the author adapts the tools developed by modern micro- 
economists to provide a framework for the analysis of policies regarding land allocation 
and the control of activities using land. 


May 1977 320 pages $18.95, cloth 


SURVEYS OF APPLIED ECONOMICS voume- 


The Royal Economic Society and Social Science Research Council 


Five noted economists discuss flow of funds analysis, international liquidity, industrializa- 
tion in developing economies, and international comparisons of productivity. 


March 1977 288 pages $16.95, cloth 


To order these books, please write to: S M t] d P 
t. Martin s rress 


P.O. Box 5352, New York, N.Y. 10017 
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Johns Hopkins 








Now in paperback 


In Command of Tomorrow 


Resource and Environmental Strategies for Americans 

Sterling Brubaker 

“A thoughtful and well-written book.” — Washington Post “This worthwhile 
book is recommended for widespread reading by all Americans because it 
explains why our nation cannot continue ever-increasing use of our non- 
renewable resources. . . Chapters cover land-use policy, urban-rural popu- 
lation distribution, energy alternatives, mineral supply, pollution abatement, 
and American international responsibility, and most of the intertwinec and 
highly controversial issues so prominent in the daily press are included. 
American Scientist 

A Resources for the Future Publication $3.95 paperback, $7.95 hardcover 


Rich and Poor Countries 


Hans W. Singer and Javed A, Ansari 

This new kind of textbook in development economics considers fundamental 
aspects of the relationships between developed and developing countries 
as determined by trade, aid, investment, transfer of technology and human 
capital, and multinational corporations. The authors advocate in part-cular 
policies that enable poorer countries to develop indigenous technologies 
that are labor-intensive. $12.00 


The Economics of Fisheries Management 


Lee G. Anderson 

How to determine optimal management policies for the commercial fishery 
industry under varying conditions is the basic aim of this book. The author 
describes the operation of an open-access fishery, using a simplified graphic 
model. He shows that economic efficiency cannot be achieved and that 
regulation is required. $14.00 


Unskilled Labor for Development 

its Economic Cost 

Orville John McDiarmid 

Focusing on the problem of estimating the economic cost of unskilied labor, 
this study first examines the labor market conditions that cause a significant 
spread between the economic and market wages. Formulations for the eco- 
nomic pricing of labor are then tested by applying them to four developing 
countries, Korea, Taiwan, indonesia, and the Philippines. 

A World Bank Research Publication $12.50 hardcover, $4.50 pape-back 


Conservation and Economic Efficiency 

An Approach to Materials Policy 

Taibot Page 

How can we best use our resource base to be fair to ourselves and to future 
generations? Offering definitions of efficiency, discounting, and other basic 
concepts, the author argues that efficiency and conservationist approaches 
need not conflict, that they can be fitted together in a conceptual unification 
of materials policy. 

A Resources for the Future Publication $15.00 hardcover, $4.95 paperback 


A Model for Income Distribution, 
Employment, and Growth 


A Case Study of Indonesia 

Syama Prasad Gupta 

This case study of Indonesia’s economy provides a quantitative framework 
within which are explored the implications of alternative policies for invest- 
ment, employment, income distribution, and fiscal activity over medium- and 
long-term horizons. 

A World Bank Staft Occasional Paper, No. 24 $4.75 paperback 


The Johns Hopkins University Press, Baltimore, Maryland 21218 
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Closing the gap 
between rich and | 
poor countries. 


In a headline-making United Nations Study directed by Nobel 
Prize winner Wassily Leontief, detailed statistical projections 
demonstrate how the world’s resources can be used to ensure 
a reasonably prosperous future for all humankind. 











A United Nations Study 
by WASSILY LEONTIEF, e:. «i. 


$12.95 cloth, $4.95 paperback 


OXFORD UNIVERSITY PRESS 


200 Madison Avenue New York, N.Y. 10016 
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|New from 
olumbia 


PRESSURE GROUPS AND POLITICS IN 
ANTEBELLUM TARIFFS 
JONATHAN J. PINCUS 


Pincus uses quantitative economic history to examine the 
formation of tariff legislation and related public policies and 
to explain America’s first piece of thoroughgoing protec- 
tionist legisiation——the Tariff of 1824. A pioneering study in 
the utilization of the economic approach to political eo 





National Bureau of Economic Research: 

CONFERENCE ON PRICE BEHAVIOR 

JOEL POPKIN, Editor 

The subject of this conference volume is the U.S. inflation of 
1965-1974 and its interrelationship with inflation in other 
countries. Considerable attention is given to assessing the im- 
pact of controls under the New Economic Policy (August 15, 
1971—April 30, 1974). 

Conference in Income and Wealth Series 42. $17.50 


THE ECONOMICS OF RESIDENTIAL LOCATION 

AND URBAN HOUSING MARKETS 

GREGORY INGRAM 

A study of microeconomic and spatial aspects of housing 
markets in urban areas including a household's choice of lo- 
cation and type of dwelling unit, the structure of housing 
prices, the behavior of housing producers, and the provision 
public services by local governments. 

Conference in Income and Wealth Series 43. $15.00 
Available in July. 


THE DISTRIBUTION OF ECONOMIC WELL-BEING 
Volumes | and li . 
F. THOMAS JUSTER, Editor 


Utilizing new theoretical insights, this collection of papers 
reexamines the basic framework of the system of Economic 
and Social Accounts. The papers focus on conventional dis- 
alee ted issues, earnings functions, and the distribution of 
wealth. 


Conference in income and Wealth Series 41. 
$17.50 each volume 


COLUMBIA UNIVERSITY PRESS 


Address for orders: 136 South Broadway, Irvington, New York 10533 
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THE FUTURE OF INTERNATIONAL ECONOMIC ORGANIZATIONS 
Edited by DON WALLACE, JR. and HELGA ESCOBAR 
202 pp. March1977 LC 75-4942 ISBN 0-275-22990-4 $18.50 


THE MAKING OF UNITED STATES INTERNATIONAL 
ECONOMIC POLICY 
Principles, Problems, and Proposals for Reform 
STEPHEN D. COHEN 


ca. 225 pp. july 1977 ISBN 0-03-021926-4 ca. $16.50 
PSS Student Edition: ISBN 0-03-021921-3 ca. $6.95 


VENTURE CAPITAL IN EUROPE 
SPIRO A. COUTARELL! 
ca.170pp. june1977 LC 76-2902 ISBN 0-275-56680-3 ca. $17.50 


THE INTER-AMERICAN DEVELOPMENT BANK 
AND POLITICAL INFLUENCE 
With Special Reference to Costa Rica 
R. PETER DeWITT, JR. 
ca. 200 pp. May 1977 LC 77-2929 ISBN 0-275-24460-1 ca. $16.50 


CAPITAL INVESTMENT IN THE MIDDLE EAST 
The Use of Surplus Funds for Regional Development 
RAGAEI EL-MALLAKH, MIHSSEN KAHIM, and BARRY POULSON with assistance from 


FRED R. GLAHE and CARL McGUIRE 
ca, 250 pp. July 1977 ISBN 0-03-021966-3 ca. $16.50 


MANAGING COMMERCIAL BANK FUNDS 
EMMANUEL N. ROUSSAKIS 
ca. 200 pp. june1977 ISBN 0-03-021966-3 ca. $16.50 


ACCOUNTING AND REPORTING PRACTICES 
OF PRIVATE FOUNDATIONS 
A Critical Evaluation 
JACK TRAUB 
ca.250pp. jJune1977 ISBN 0-275-24530-6 ca. $18.50 


THE SUBURBAN ECONOMIC NETWORK 
Economic Activity, Resource Use, and the Great Sprawl 
Edited by JOHN E. ULLMANN 
ca. 270 pp. june1977 LC 76-12883 ISBN 0-275-23560-8 ca. $20.00 


PRAEGER PUBLISHERS 200 Park Avenue, New York, N.Y. 10017 
A Division of HOLT, RINEHART AND WINSTON, CBS PUBLISHING GROUP 
Please direct all orders to Holt, Rinehart and Winston, 

383 Madison Avenue, New York, N.Y. 10017 
(Prices are subject to change without notice.) 
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SAIGNIS WOAS AOV de 


NUCLEAR POWER ISSUES AND CHOICES 

The Nuclear Energy Policy Study Group, Spurgeon 
Keeny, Jr., Chairman 

Foreword by McGeorge Bundy 

(Published for che Ford Foundation) 

Prepared by a distinguished group of scientists and 
economists, this report is a comprehensive analysis 
of nuclear power economics. Setting aside “optimis- 
tic” assumptions about the potential savings of 
energy conservation, it concludes that our economy 
can provide adequate energy in the future without 
major social or economic changes. And, if there are 
overriding noneconomic reasons for a delay in de- 
veloping nuclear power, the economy could bear the 


costs. (Cloth) $16.50 (Paper) $6.95 


ENERGY FUTURES 


Industry and the New Technologies 

Inform, Inc. 

A meticulously compiled summary of alternative 
energy source research and activity within American 
corporations. Using concise and non-technical prose, 
the report profiles over 200 major R&D projects of 
142 firms in 17 new technology areas and includes 
highly technical information on how companies are 
developing and commercializing new energy sources. 
(Published by Ballinger for Inform, Inc.) ca $45.00 


MANAGING THE ENERGY TRANSITION 
A R Dynamics Search for Alternatives to Oil 


an S 
Roger F. Naill, Thayer School of Engineering, Dart- 
mouth College 
Written in clear, non-technical language, this study 
uses a mathematical model (COAL 2) that inter- 
relates energy demand, prices, resource capital and 
labor availability, new technologies, and environ- 
mental constraints, to evaluate strategies designed to 
achieve independence from foreign sources of oil, 
Volume I offers the technical data and assumptions 
af COAL 2 and Volume II describes the actual model. 
Volume I ca. $20.00 
Volume ITI ca. $20.00 


THE MARGINAL COST AND PRICING 

OF ELECTRICITY 

An Applied Approach 

Charles J. Cicchetti, William J. Gillen, and Paul 
Smolensky, University of Wisconsin 

A practical guide to using marginal cost analysis in 
the design of electricity tariffs, this monograph 
describes applications of a computer program 
package for computation of marginal cost and re- 
lated processes. Appendixes include a survey of 
manufacturers’ equipment to implement marginal 


cost pricing. Sai 
ca. $17. 


PUBLISHING COMPANY 


17 Dunster Street, Harvard Square, Cambridge, MA 02138 





HIGH AND LOW POLITICS INFORMATION 
RESOURCES FOR THE 80’s 
Anthony G. Oettinger and William H. Read, Harvard 
University and Paul J. Berman (Program on Informa- 
tion Resources Policy, Harvard University) 
These essays trace the politics, economics and tech- 
nology of telecommunications pricing and costing 
policy and their impact on current communications 
policy; the interaction of old legal doctrines with 
newly combined computer and communications 
technologies and how these wili affect FCC policy; 
the rapid growth of international telecommunica- 
tions and its use in high and low politics as an instru- 
ment for policies shaping global peas desir r 

ca. $16. 


LOCAL PUBLIC FINANCE AND THE 

FISCAL SQUEEZE 

Edited by John R. Meyer, Harvard University and 
John M. Quigley, Yale University 

The expansion of urban revenue bases and economic 
efficiency in providing municipal services are the 
theme of these papers analysing current urban 
financial problems, $16.00 


LAND USE CONTROL 

Evaluating Economic and Political Effects 

Herbert H. Stoevener, David E. Ervin, et al., Oregon 
State University 

Outlines economic efficiency criteria necessary for 
public intervention in private land use, the effects of 
public land use control on income distribution and 
wealth distribution, and the political aspects of land 
use planning. Evaluates specific land use policy 
alternatives. $17.50 


NONMETROPOLITAN URBAN HOUSING: 

An Economic Analysis of Problems and Policies 
Michael A. Stegman, University of North Carolina at 
Chapel Hill and Howard J. Sumka, University of 
Kansas 

Identifies and measures important structural dif- 
ferences between core city and nonmetropolitan 
housing markets which dictate changes in current 
national housing policy if basic housing objectives 
are to be achieved in smaller cities. $16.50 


RISK AND RETURN IN FINANCE 

Edited by Irwin Friend, University of Pennsylvania 
and James L. Bicksler, Rutgers University 

Leading economists contribute the latest on theories 
of capital asset pricing under uncertainty. 

VOLUME I: RISK AND RETURN IN FINANCE 
Available $17.5 
VOLUME II: RISK AND RETURN IN FINANCE 
Available $15.00 
Two Volume Set: $30.00 


HEALTH ASSOCIATIONS AND THE DEMAND 
FOR LEGISLATION 

The Political Economy of Health 

Paul J. Feldstein, Bureau of Hospital Administration, 
University of Michigan 

How interest groups representing health manpower 
professions and nonprofit health institutions use gov- 
ernment intervention to reach goals which they can- 
not achieve in the marketplace. Includes a political 
economy model useful for predicting types of legis- 
lation health interest groups are likely to support 


or oppose. ca. $18.00 
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Announcing a New Series 
History of the World Economy 
in the Twentieth Century 


From Versailles to 
Wall Street 


The International Economy in the 1920s 


Derek H. Aldcroft 


Seeking to revise many accepted notions of the period, 
this ts the first thorough economic study of the 1920s 
on a world scale. 

500 pages, $12.95 


War, Economy 
and Society, 


1939-1945 
Alan S. Milward 


The first economic history of the Second World War, 
this is also a general study of the relationships be- 
tween war, strategy and the economy, and reveals the 
effects of particular military strategies on manufac- 
turing, agriculture, trade, financial policies and labor. 

500 pages, $12.95 


The First 


World War 
Gerd Hardach 


Great structural changes 
took place in the world 
economy as a result of 
World War I. These 
themes are examined 
here in terms of the 
political and economic 
events during the war 
titself, which has not 
previously been attempt- 
ed in a comprehensive 


way. 
450 pages, $12.95 








The Origins of 
International 
Economic 
Disorder 


A Study of United States 
International Monetary Policy 
from World War II to 

the Present 


Fred L. Block 


In this study Block analyzes the rise 
and decline of international eco- 
nomic stability since World War II, 
and examines the prospects for a 
return to order. 


“Must reading for the Secretaries of 
State and the Treasury, and, if he can 
possibly find the time, for President 
Carter.” —Charles P. Kindleberger 
A selection of Macmillan Book Club 

304 pages, $14.00 


Labor Market 
and Wage 
Determination 


The Balkanization of Labor 
Markets and Other Essays 


Clark Kerr 


These nine essays by a noted edu- 
cator and former industrial relations 
arbitrator are fresh and vigorous. 
They combine theory with practical 
experience in a most convincing 
way. The author's viewpoint is in- 
terdisciplinary; this is a book that 
will be equally interesting and acces- 
sible to labor historians, economists, 
political scientists, and others con- 
cerned with labor relations and 
public policy. 








240 pages, $12.00 
Forthcoming August, 1977 


G UNIVERSITY OF CALIFORNIA PRESS 


BERHELEY 94720 
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Help your students understand 
today’s econom 


Capital for Productivity and Jobs Women and the American 





An American Assembly Book Economy: 
Edited by Eli Shapiro and William L. White, A Look to the 1980s 
Harvard University An American Assembly Book 


‘at Edited by Juanita M. Kreps 
Seven authorities explain how economic insta- 


bility, inflation, and unemployment are major A preview of how women will influence the 
causes of reduced investment, and show what national economy in the next decade. 

can be done to ensure more appropriate levels Ready Paper $4.00 (96231-6) 

of prosperity inducing investment. The book 

offers fresh views on the actions necessary to 

keep the economy viable during the coming Jobs for Americans 

decades and axplores such issues as the out- An American Assembly Book 


look for investment in housing, business, and Edited by Eli Ginzberg, Columbia University 
education. 


Ready Paper $5.95 (11348-0) Wide-ranging views on coping with the unem- 
ployment crisis. 

Putting Money To Work: Ready Paper $4.50 (51001-6) 

An Investment Primer 


by Yale T. Meltzer, Pace University, New York 


In easy-to-follow question-and-answer format, 
the author explains what money market secu- 
rities, stocks, and bonds are, how they function, 
and shows how to determine which offers the 
best investment potential. 

Ready Paper $5.95 (74452-4) 


Investing in Securities: 
A Handbook for Today’s Market 
by Richard A. Haft 


Written by an experienced broker, this fact- 
filled handbook tells how the market works, 
how to avoid common errors,and how to cope 
with inflation. It offers students a practical un- 
derstanding of the market and a guide to wise 
investing. 

Ready Paper $4.95 (50270-8) 


Spectrum /A Books 


Teachers: for examination copies, contact your 





aes aga , local Prentice-Hall field representative or 
renuce-Mali, inc. write to Spectrum Books, Dept. SP, Prentice- 
Englewood Cliffs, N.J. 07632 Hall, Inc., Englewood Cliffs, N.J. 07632 
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$1,000 IXEC PRIZE 


The Law and Economics Center of the University of Miami School of Law is 
pleased to announce the second winner of its annual prize of $1,000 for the most 
important contribution to scholarship in Law and Economics in the preceding 
academic year. The winner of the award for 1975-1976 is Professor James M. ° 
Buchanan of the Center for Study of Public Choice at the Virginia Polytechnic 
Institute for his book, The Limits of Liberty, published by the University of Chi- 
cago Press (1975). 


LAW AND ECONOMICS CENTER 
University of Miami School of Law 


Henry G. Manne, Director 


P.O. Box 248000 Coral Gables, FL 33124 


PRINCETON UNIVERSITY 


EVALUATING THE LABOR-MARKET EFFECTS OF SOCIAL PROGRAMS, 
Industrial Relations Section Research Reort No. 120 
Edited with comments by 


Orley Ashenfelter, Princeton University and James Blum, Congressional 
Budget Office 


Contributions by 
Orley Ashenfelter, James Heckman, George Johnson, Dale Mortensen, 
Finis Welch, Morris Goldstein and Robert Smith 
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A Monetary Model of Exchange Market Pressure 
Applied to the Postwar Canadian Experience 


By LANCE GIRTON AND DON ROPER* 


The monetary approach to the balance of 
payments has received considerable atten- 
tion.' However, most of the empirical stud- 
ies employ models of a small country with 
fixed exchange rates. Without relying on the 
small-country assumption, a model is de- 
tived to explain both exchange rate move- 
‘ments and official intervention. The de- 
pendent variable, which we call exchange 
market pressure, provides a measure of the 
volume of intervention necessary to achieve 
any desired exchange rate target. The model 
is applied to the postwar Canadian ex- 
perience. 

The paper is organized into three sec- 
tions. The first section contains a discussion 
of the monetary approach and the problem 
of determining the degree of independence 
of a country’s monetary policy. In the sec- 
yond section a monetary model that holds 
for all exchange rate regimes is developed. 
Empirical estimation of Canadian exchange 
market pressure and an empirical measure 
of the autonomy that the Canadian authori- 
ties relinquish when pursuing a fixed ex- 
change rate target are presented in the third 
section. 


*Economist, Board of Governors of the Federal 
Reserve System, and associate professor of economics, 
University of Utah, respectively. We wish to acknowl- 

yedge the technical assistance of Patrick Decker and 
‘Coralia Flaifel. We received helpful comments from 
George Borts, Michael Connolly, Michael Dooley, 
Charles Freedman, Jay Levin, Hyunchul Shin, and 
Jerome Stein. Extended discussions with Dale Hender- 


son and Bennett McCallum were particularly useful. . 


The views expressed in the paper are solely our own 
and do not necessarily represent the views of anyone 
else in the Federal Reserve System. 

\See Bijan Aghevli and Mohsin Khan, Borts and 
James Hanson, Conf lly and Dean Taylor, Rudiger 
Dornbusch, Jacob Frenkel and Carlos Rodriguez, 
Hans Genberg, Harry Johnson, Ryutaro Komiya, 
. Donald McClos}: “ey and Richard Zecher, Norman 

Miller and Sherry Askin, Robert Mundell (1968, 1971), 
ichael Mussa, and Zecher. A survey of this literature 
is given by Marina Whitman. 
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I. The Monetary Approach and 
the Independence Question 


If the balance of payments is divided into 
more than two accounts—for example, the 
current, capital, and money accounts—then: 
each account can be explained with a direct 
or an indirect approach. Using the demands 
and supplies for the kth item as a classifica- 
tion procedure for explaining the kth ac- 
count constitutes a direct approach. An ac- 
count can be explained indirectly by first 
explaining the other n-1 accounts and then 
adding the results. Given that economists 
are accustomed to explaining the current 
and capital accounts (and various subac- 
counts) directly, the argument for the 
monetary approach can be seen as an argu- 
ment that the money account be given sym- 
metric treatment.” 

The argument for symmetry also implies 
that the traditional view of official interven- 
tion (necessary to maintain fixed rates) as 
accommodating or financing current and 
capital account transactions should be 
abandoned.’ The monetary approach con- 
tinues to regard the quantity of intervention 
necessary to achieve a fixed rate target as 
endogenous, but it shifts the explanation ta 
the monetary equilibrium condition. 

By Walras’ Law the net excess supply of 
goods and securities by residents* of a coun- 


2Surprisingly, the theoretical advantages of the di- 
rect over the indirect approach has not, to our knowl- 
edge, been demonstrated for any of the accounts. The 
direct approach may have the practical advantage of 
increasing the likelihood of correctly specifying the 
explanatory functions. 

JThe argument that the items placed “‘below the 
line” were accommodating other exchange market 
transactions was emphasized in the discussions over 
the appropriate definition of the balance of payments 
in the early 1960°s as found, for instance, in the 
“Bernstein Report” (see the U.S. Budget Bureau). 

4“Resident” here means holders of cash balances 
whose demand is influenced by domestic income. The 
analysis in this paper will assume that ths income 
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try represent a net excess demand for 
money. Thus the traditional approach ta 
the balance of payments that specified be- 
havioral relationships for the trade and cap- 
ital accounts contained an implicit mone- 
tary condition. However, the implicit 
monetary condition was not necessarily one 
that would have seemed reasonable if 
money supply and demand functions had 
been developed explicitly. 

The empirical estimation of a monetary 
model of the balance of payments can be re- 
lated to, but is not identical with, an em- 
pirical estimation of the degree of inde- 
pendence of monetary policy. One can 
explain an official settlements measure of 
the balance of payments without testing for 
independence, and one can test for inde- 
pendence without explaining the balance of 
payments. In this paper, however, both 
exercises are undertaken since the monetary 
approach provides a useful framework 
within which to estimate the degree of mon- 
etary autonomy.° 

Monetary independence can be measured 
by the degree to which alterations in the 
domestic source of the monetary base lead 
to changes in the demand for domestic base 
and thereby the total quantity outstanding.® 
If the policy actions used to alter the do- 
mestic source of the base fail to influence 
the demand for base money, then the 
change in the domestic source will be offset 
by the official exchange market intervention 


variable for one country affects the demand for the 
liabilities of the central bank of that country only. 
Implications of relaxing this assumption have been de- 
veloped in our referenced paper. 

5The usefulness of the monetary framework for 
dealing with the question of monetary independence 
may explain some of the recent interest in the ap- 
proach. The growth of financial capital movements in 
the 1960’s made policymakers aware of the conflict 
between their domestic monetary objectives and the 
commitment tc a fixed exchange rate. One of the early 
studies concerned with this problem was by Ruth 
Logue. 

6The most obvious way the domestic monetary 
authorities can affect the demand for their liabilities is 
by changing reserve requirements. In this paper, the 
impact of reserve requirement changes is subsumed 
under the supply side by adjusting base money for 
reserve requirement changes. The independence ques- 
tion concerns the ability to affect this adjusted base. 
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necessary to achieve a fixed exchange rate, 
target.’ | 


ae | 


Il. The Model 


The model developed here, and analyzed 
further in the Appendix, is a monetary 
model in the sense that it organizes the 
analysis around the demands and supplies 
of national monies. 

Using an exponential specification of the 
demand-for-base function, the monetary 
equilibrium condition for any country į can 
be written as? 2 


(1) H, = F + D; = P, Yf exp(-a;p;) 


where H; = supply of base money issued by 
the central bank of country i | 
F; = base money created against the | 


purchase of foreign assets 
D; = base money created by domes- | 
tic credit expansion | 
P; = price level | 





7A more general analysis of the question of auton- | 
omy would require that the sources of the base be" 
divided into directly controlled and uncontrolled parts. | 
The purpose would then be to determine the degree ` 
that the latter tended to offset the former. The fact 
that there may be important uncontrolled elements 
other than official settlements is highlighted by the | 
Federal Reserve’s experience in the early 1920s when, 
in an effort to increase earnings, they were led to the 
“discovery” that open market operations were a policy 
tool equivalent to discounting. According to Ralph 
Burgess: “‘... as fast as the Reserve Banks bought 
Government securities in the market, the member 
banks paid off more of their borrowings; and, as a 
result, earning assets and earnings of the Reserve 
Bank(s) remained unchanged,” (p. 221). Realization 
that discounting was offsetting open market operae 
tions made the Fed aware that the two procedures for 
purchasing domestic assets were good substitutes in 
their effect on bank reserves, We assume these other 
potential offsets to monetary policy are sufficiently 
under the control of the authorities that intervention 
in pursuit of an exchange rate target can be usefully 
isolated as the primary threat to monetary autonomy. 
This assumption allows us to address the two separate 
problems—explaining the exchange market pressure 
and measuring the degree of independence—within the 
same theoretical framework. 

8One can specify the demand for base as the product 
of a money multiplier and the demand for an aggregate 
(defined as all financial items that absorb base sence 
Although such a specification may be useful for some 
purposes, it will not be used here. 

D- 
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Y; = real income 

p; = index of interest rates 

8; = income elasticity > 0 

a, = interest rate coefficient > 0 


The division of H between its domestic, 
D, and foreign, F, sources is determined by 


D RO= | EORdr 


where R,(t) = stock of international re- 

serves (primary assets) held 
by the authorities in coun- 
try i 

Rj (t) = time derivative of R; denot- 
ing net purchases at time t 

E(t) = parity or i currency value of 
primary reserve assets at 
time t 


As the formula notes, the country’s parity 
(or price of foreign exchange in the case of 
foreign exchange reserves)’ is important 
only at the time foreign assets are pur- 
-chased. If, for instance, the monetary au- 
thority devalues its currency and acquires a 
capital gain on their stock of international 
reserves, F as defined by (2) is not affected. 
As a result of the capital gain the authori- 
ties may increase their liabilities outstand- 
ing. But any increase in base money related 
to the capital gain should be treated as an 
increase in D, not F, since the purpose of 
the model is to explain the quantity of base 
that the authorities are induced to create or 
destroy (and the autonomy they sacrifice) in 
order to stabilize the exchange rate. 

Substituting the time derivative of (2), 
viz., F| = E; Rj}, in the differentiated version 
of (1) and stating the results in percent 
changes yields 


?International reserves can be expressed to include 
foreign exchange in which case (2) can be written as 


t t 
Fi= f E;Rį + J Ey Rig 


ui E; is the ith currency value of the primary asset 
“and Ejr is the ith currency value of the foreign ex- 
change. 


s 
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(3) h; = F; + d;i = T; + Biyi — Qipi 


h; = Hi/H; d; = D/H; 
pi (t) = dp;/dt T; = Pi/P; 
r, = E; R/H; Yi Y; /Y; 


By deflating the rate of change of inter- 
national reserves valued in domestic cur- 
rency E; Ri by domestic base money H;, a 
real measure of the balance of payments r; 
is obtained. It is essential to convert the 
nominal measure of the official intervention 
into real terms to determine whether the 
balance of payments is large or smail. 

To examine the monetary interaction be- 


where!® 


tween countries, subtract the monetary 


equilibrium condition (3) for country j from 
the monetary equilibrium condition for 
country i: 


4) r,-r, = -di + d; + Biyi — By; 
+ Tm; — T; — alpi — pj) 
where a; and a; have been assumed equal 


(a = a; = a;). We introduce the further no- 
tation, 


e; = rate of appreciation of currency / in 


terms of currency j 


ij 


0, = TT; oo Wj + ey 
differential inflation rate adjusted 
for exchange rate changes" 


ô; = pi ~ pj = changein the uncovered 
interest differential 


li 


Equation (4) can be rewritten as 


(5) ri- r; +e; = -di + dj + Biyi 
— B; yj + Oy — aby 


The way equation (5) is employed to ex- 
plain the interaction between two countries 
depends on whether one of the countries is 
sufficiently “large? in the sense of being 
able to pursue an iħdependent monetary 
policy. Consider first the case of two regions 


iSTaking into account foreign exchange, the defini- 
tion of r; is E;Rj/H; + EjpRj;/H;. Primes denote 
derivates with respect to (the implied argument) time. 

\!Except where relative purchasing power parity 
(i.e., 9 = 0) is adopted for expository convenience in 
the Appendix, PPP, in either its absolute or relative 
versions, is not assumed in the paper; @ has been intro- 
duced for notational convenience only. 
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or countries of comparable size;'? for. ex- 
ample, France and Germany. If the mark- 
franc rate were perfectly fixed (e; = 0), the 
left-hand side of equation (5) would repre- 
sent the bilateral (real) balance of pay- 
ments. If beth countries refrained from in- 
` tervention (7; = 0 = r;), the left-hand side 
would reduce to the percent change of the 
mark-franc rate.” If the monetary authori- 
ties of the two countries tntervened without 
a commitment to a perfectly constant ex- 
change rate, the composite variable r; — 
F; + ej, measures what we refer to as ex- 
change market pressure. 

We are interested in applying the equa- 
tion to Canada and the United States. Since 
the United States has been a center or key- 
currency country, it has had the ability to 
force most and perhaps all the adjustment 
burden on those countries who have made 
efforts to stabilize their exchange rates.” 
This extreme asymmetry in the adjustment 
- burden justifies (as will be explained below) 
the transference of the center country’s bal- 
‘ ance of payments from the left- to the right- 
hand side of the equation. If the i subscripts 


12From the criterion of monetary autonomy or the 
distribution of the adjustment burden, the proximate 
determinates of “size” are the relative magnitudes of 
base money markets and, especially, the abilities of the 
monetary authorities to sterilize. Other parameters 
usually regarded as defining relative country size, 
especially real national income or wealth, are impor- 
tant only if they allow the authorities to sterilize more 
or to the degree that they determine the size of a coun- 
try’s base relative to the total base money of those 
countries with fixed exchange rate targets. This point 
is demonstrated in the Appendix. 

lIn the case of a pure float, the model is similar 

in spirit to what Frenkel has referred to as a “‘mone- 
tary model of exchange rate determination.” A similar 
model of the exchange rate is developed by Bluford 
Putnam and John Woodbury. 

14Unlessithe monetary authority is using exchange 
market intervention as an instrument to further do- 
mestic economic goals, an exchange rate target typi- 
cally comes at the expense of domestic goals. The 
problem of monetary autonomy arises as a result of a 
fixed exchange rate target of which a fixed exchange 
rate is only one example. It is the rigidity of the target 
(which may be moving) rather than the rigidity of the 
rate that matters. A fixed exchange rate target means 
that the authorities are unwilling to trade this target 
off against ‘other targets. A model is derived in the 
Appendix in which the monetary authority with a tar- 
geted growth path for the exchange rate loses all con- 
trol over their domestic money growth rate. 
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are changed to c (for Canada) and the j sub- 
scripts are changed to u (for the United 
States), then equation (5) can be rewritten 
agl’ 


(6) fe + e= — d, +h, + Beye 
a Budu + 0, =~ a6, 


where r, has been subsumed uncer A, 
(= d, + r). 

The center country’s balance of payments 
r, can be taken to the right-hand side and 
used as an independent variable if 4, is not 
influenced by the remaining expression, 
re + €.. Since r, reflects changes in U.S. in- 
ternational reserves, then any official Cana- 
dian intervention financed by purchases or 
sales of U.S. dollars to the U.S. Treasury 
shows up in both r, and r,.'’ If U.S. reserve 
flows are perfectly sterilized,'® however, 
then k, (= d, + r„) is unaffected by r,.!° The 
additional observation that A, has been 
managed independently of e, implies that A, 
can be taken as an exogenous variable in 
the equation. 


I5Equation (6) can also be derived from a multi- 
country model as shown in the Appendix. 

i6When the U.S. dollar is used as a numeraire, the 
second subscript u has been dropped in order to sim- 
plify the notation. In symbols, €, = e,,, 6, = beu and 


— 
= 


cu’ 
17The h, term, like the growth of base mcney for 
other countries, can be found by adding the domestic 
and foreign sources, 4, = du +y. But the interna- 
tional transactions that affect the supply of U.S. base 
money include official sales and purchases (nct to be 


D 


confused with allocations) of primary assets and not - 


changes in foreign official holdings of U.S. dollar as- 
sets (except those that absorb base money). The r, 
term, therefore, does not represent the U.S. official 
settlements or other measures of the U.S. balance of 
payments that have been traditionally employed. For 
noncenter countries, of course, r; does represent the 
(deflated) official settlements balance of payments. 
18Sterilization can be represented by breaking d; into 
two components, viz., d; = d? — A;r; where à; is a 
sterilization coefficient ranging between unity (for 


> complete sterilization) and a negative number (repre- 


senting a reinforcement of the balance of payments 
necessary to play by the rules of the gold standard). 
Since d? is exogenous or independent of rj, then A, = 
dy — Nutu — Ty is independent of r, and re if A, = 1. 
19The notion of a “dollar standard”-—a phrase de- 
veloped in the 1920’s when the United States aban- 
doned the rules of the gold standard—is usually taken 
to mean that other countries adjust to the United 
States. In an important sense, noncenter countries 


| 
b | 


7 
+ 
> 


sterilize for the center country and force more of ne Ss 
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The fact that the U.S. monetary policy ° 


has been insulated in the postwar monetary 
system (such that A, in equation (6) can be 
taken as independent of r, and e,) allows 
further flexibility in the way the model is 
specified. If U.S. monetary policy had not 
been independent’ of the balance of pay- 
ments, the monetary interaction between 
the United States and other countries would 
have been through both the supply and de- 
mand sides of base money markets. With h,, 
unaffected by exchange market interven- 
tion, the link between the United States and 
the rest of the world is only through the de- 
mand side—substitution between securities 
and commodities. The link is a recursive 
one that goes from U.S. prices and interest 
rates, to c prices and interest rates, to the 
demand for c’s base, to the induced supply 
of base, r,. 

The absence of the supply link (the fact 
that r, does not feed back on #,) means that 
h, need not appear in the equation. Equa- 
tion (6) can be written to capture the link- 
ages on the demand side by including U.S. 
prices and interest rates on the right-hand 
side of (6) while excluding h, Since we 
want to determine the influence of U.S. 
monetary policy on Canadian exchange 
market pressure, however, it is useful to 
have a one-variable index of U.S. monetary 
policy rather than the two variables (in- 
terest rates and prices) over which the U.S. 
authorities have less control. 


HI. Empirical Investigation 


Equation (6) differs from equations in 
other monetary”! models of the balance of 


adjustment burden on themselves when they acquire or 


lose dollar assets rather than outside reserve assets. 
Further discussion of the sense in which other coun- 
tries sterilize for the United States and a discussion of 
their incentives for forcing more of the adjustment 
burden on themselves is found in Girton and Hender- 
son, and in Roper. 

20Since monetary equilibrium requires A, = Ty + 
Bu Yu — APh, Ty — apy can be substituted for A, — 
8, ¥y in equation (6) to obtain 


rote. = ~de + BeYe t+ Ty — AP, — Xe + he 


* 21Two possible reasons for referring to equation (6) 
as a “monetary” model should be sharply distin- 
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payments in two ways. First, the dependent 
variable is exchange market pressure, de- 
fined as the sum r + e, rather than the bal- 
ance of payments, per se. If the value of the 
dependent variable r + e is unaffected by its 
composition (as will be subsequently mea- 
sured as e/r), then the exchange market 
pressure is independent of whether the au- 
thorities absorb the pressure in their re- 
serves or in their rate. Second, the equation 
takes account of the fact that, as far as for- 
eign exchange market pressure is concerned, 
a country’s monetary policy can be judged 
tight or easy only by reference to what is 
happening in the rest of the world. Con- 
sequently, the country’s external position is 
related to foreign monetary conditions. The 
supply and demand for U.S. money are 
used to represent world monetary condi- 
tions. 

The purpose of this section is both to esti- 
mate the monetary equation (6) of exchange 
market pressure and to measure the degree 
to which the central bank in an open econ- 
omy can pursue an independent monetary 
policy. Estimation of equation (6) in its 
present form would serve the first purpose 
of explaining exchange market pressure, but 
it would not provide a measure of monetary 
independence. If equation (6) were esti- 
mated, a minus-one coefficient in front of d, 
would be expected regardless of whether 
there was multicollinearity between d, and 
6, or 6,. The crucial issue in determining the 
degree that a fixed exchange rate target © 
undermines monetary autonomy is whether 
the authorities can make their interest rates 
and prices diverge from U.S. interest rates 
and prices by the use of monetary policy. In 
symbols, the measure of independence is the 


guished. Suppose that d, and h, were very stable over 
time and that ye and y, were subject to large fluctua- 
tions due, say, to earthquakes. If the mocel were 
named for the independent variables with the highest 
variance and greatest potential explanatory power, it 
would be an “earthquake” model. If it is named for 
the fact that monetary equilibrium conditions are 
being used as an organizing framework for explaining 
r+e,it would be a monetary model. Following this 
second line of reasoning, equation (6) would still there- 
fore be a monetary model even if there were no vari- 
ance, and no explanatory power, in the d, and hy 
variables. 
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degree to which 6, and @, depend on the 
Canadian control variable d.. 

To develop an alternative to (6) that will 
allow one to measure the independence of 
monetary policy, suppose that 6, and 9, are 
` determined by the reduced form relations: 


(7) ĝe = 6(d,, hy, X) 6, = 6(d,, hy, X) 
06 











a6 
h gue < = 
wae ôi ad. 0 db» ah, > 0 
00 dp 
oom = < 
0, F 3 > 0 0; ah, Ka 0 


and X is the set of other variables that in- 
fluence 6, and @,. 

If Canadian and U.S. securities and 
goods are.not perfect substitutes then any- 
thing that affects the supplies and demands 
for Canadian securities and goods relative 
to U.S. securities and goods will be in the 
set of X variables. Changes in monetary 
conditions outside the United States and 
Canada should be included only if they 
affect Canadian and U.S. securities and 
goods markets differentially. Since Cana- 
dian and U.S. real incomes might have dif- 
ferential effects on Canadian and U.S. 
prices and interest rates, the estimated in- 
come coefficients could be affected by any 
_ imperfect substitutability of Canadian and 
U.S. goods and securities. 

Assuming the expressions in (7) are lin- 
ear, they can be substituted into equation 
(6) to obtain 


(8) re +e, = —(1 + aô, — 9)d, 
+ (1 — a6, + hu 
a Be Ye ag Bu Yu 
+ (0, — a6,)X 
~,d, + Puhu T Be Ye 
— BuYu + (Ox — aðr) X 
where d, = 1 + ad, — 4, 
go, = | — a6. + h 


To the extent that d, affects 6, or 8., the esti- 
mated value of @, should be less than unity. 
That is, the Canadian reserve loss or ex- 
change rate depreciation associated with an 
expansionary monetary policy will be miti- 
gated if the policy lowers Canadian interest 
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rates relative to U.S. rates, or raises Cana- 
dian prices relative to U.S. prices. Assum-" 


‘ing that ¢, is the same under floating as’ 


under fixed rates, it is legitimate to use the 
data generated under floating rates to esti- 
mate the degree of independence the au- 
thorities lose by the adoption of a fixed rate 
target. 

The form of the equation to be estimated 
is 


(9) rote = ~ Pede + Ọuħu F Be Ye 
== Bu Yu + 2 


where vis a random term. The exclusion st 
the X variables will not bias the estimated 
coefficients if the X variables are uncor-, 
related with the right-hand variables of | 
equation (9). 

To justify an OLS estimation of (9), argu- , 
ment must be provided for the recursiveness 
of the relationship. Each of the terms on the 
right-hand side of (9) will be discussed to | 
determine whether they can be regarded as 
independent of the random term v. 

Consider first the U.S. monetary policy | 
and income variables. In Section H it was 
argued that U.S. monetary aggregates have 
been independent of r, and this inde- 
pendence also eliminates the only obvious 
channel through which r, might have in- 
fluenced U.S. income. It is also unlikely that 
e, would affect y, or h. Consequently, Yu 
and h,, can be treated as independent of the 
error term regardless of whether the Cana- 
dian authorities absorb market pressure in 
their reserves or exchange rate. 

If other U.S. monetary aggregates are in- 
dependent of r, + e. then the choice of 
which U.S. monetary aggregate to use de- ` 
pends on which one is the best indicator of 
U.S. monetary conditions. Since other U.S. _ 
monetary aggregates might be good indi- 
cators of U.S. monetary conditions, we re- 
portresults using two additional aggregates, 
money narrowly defined (Mi,) and a 
broader measure (M2,). Although this free- 
dom of choice exists for the U.S. aggregate, 
it does not exist for any country whose sup- 
ply of base money is influenced by exchangé 
market intervention. ey 

The rate of growth of Canadian real in- 
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_come should be independent of r, and e, to 


the extent that y, is based on past income 
changes. Since y, is measured with a dis- 
tributed lag in the regressions, all of the 
past values of y, should be independent of 
the error term, but the possibility of simul- 
taneous equations bias from the current 
change in real income cannot be ruled out.” 

Potentially, the most important simul- 
taneity problem occurs in the estimation of 
$. under fixed exchange rates.” If the Cana- 
dian authorities try to sterilize reserve flows, 
$. will be biased regardless of the success of 


h their sterilization policy. It is generally diffi- 


cult to determine the direction and amount 
of bias for the estimated coefficients in a 
multiple regression. It is useful, however, to 
consider the bias under the simplifying 
assumption that A,, y,, and y, are uncor- 
related with d, when the exchange rate is 
fixed. In this case $, can be shown to have 
an asymptotic bias of 1/A, (or zero) as the 
variance of d, relative to the variance of v 
approaches zero (or infinity). Under a 


22Qne might expect that when the Canadian dollar 


seappreciates (e; > 0), the export industries and the im- 


port competing sector might have to contract and this 
could dampen current real output. If y. is independent 
of the other explanatory variables, this would bias ĝe 
downwards. A downward bias is consistent with some 
of the results that show the estimated value of 6, to 
be slightly lower for current values of y, than for 
lagged values of y, when the lags were unconstrained. 
If the lag between the other part of the dependent vari- 
able r, and current output were sufficiently long, then 
the impact of e, on y would be the only channel for 
simultaneity bias in the estimate of §,. 

23To our knowledge, the study that has come closest 
to separating the impact of r on d (sterilization) from 
the impact of d on r (the offset) is by Michael Porter. 


¥>He estimated a monthly model of the German capital 


wP, 


account in which his d variable was primarily a reflec- 
tion of changes in reserve requirements. Since the 
Bundesbank alters reserve requirements at the be- 
ginning of each month, then that month's capital flow 
could be taken as depending on the reserve require- 
ment changes at the first of the month. There would 
be no feedback from the capital movement to the pol- 
icy variable unless the authorities were anticipating 
the future capital flows. 

24Tf the variance of the random term v is labeled oy 
and the variance of d? is o*, then the asymptotic bias is 
given by the formula plim (6 -~ 6) =(1 — AP) A/ 
(o*/a, + A?) where the c subscripts have been omitted 
for convenience. If o*/o, = 0, plim(¢) = 1/A. If o*/o, 
approaches infinity, the bias approaches zero. 

Pentti Kouri and Porter derive a formula for the 


A 
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floating rate regime, however, any bias of 
é, is in the opposite direction. The fact that 
the Canadian dollar remained around unity 
vis-a-vis the U.S. dollar suggests that the 
authorities responded to a positive e, by 
making d. larger than otherwise.” If this 
positive effect were represented in a linear 
fashion by A, (>0), then ¢, could be biased 
toward 1/A,. 

Equation (9) is estimated using annual 
data for the period 1952 through 1974, Dur- 
ing this period, the Canadian dollar floated 
from 1952 to 1962 and after June of 1970, 
and was fixed in value to the U.S. dollar in 
the intervening years. A wide range of 
domestic policies were pursued, and there 
were various agreements concerning Cana- 
dian-U.S. economic relations.” 

Two kinds of adjustments were made to 
the data. First, the series on the stock of 
Canadian international reserves was ad- 
justed to exclude gold revaluation gains and 
SDR allocations.” Second, the Canadian 
base money figures were adjusted for the re- 
serve requirement changes that occurred in 
1952 and 1967. 

In the regressions reported in Table 1, 


asymptotic bias that is correct (if they assume their X; 
variable is independent of their NDA variable), but 
their verbal discussion of the bias is misleading. They 
assert (pp. 453-54) that their estimated coefficient (cor- 
responding to our $,) is biased towards unity rather 
than towards the reciprocal of the sterilization coeffi- 
cient. The bias will be towards unity only if the steril- 
ization coefficient is unity. If the authorities only at- 
tempt to partially sterilize, then the bias will be 
towards a number greater than one. 

25In Figure 1, the variance of the dependent vari- 
able r. + €, appears greater for periods of fixed rates 
than for periods of floating rates. This is consistent 
with the argument that the authorities responded 
asymmetrically to a given pressure in the exchange 
market depending on the exchange rate regime. To 
the extent the authorities attempted to sterilize re- 
serve flows, exchange market pressure was increased, 
and to the extent they attempted to dampen exchange 
rate movements during floating rate periods, exchange 
market pressure was reduced. 

26See Robert Dunn for a discussion of the domestic 
policies and their objectives and the various Canadian- 
U.S. economic agreements. 

27In principle, the international reserve figures 
should also be adjusted for several other types of non- 
market transactions. We did not do this because of 
data limitations. 
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TABLE 1 


_Coefficients of _ 
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Aggregate Used Constant de hu Ye Yu p R2 SE. DW. 
M2, ~ 04 —.96 1.14 2.80 —2.84 22 .92 .024 1,80 
(1.08) (12.74) (4.86) (3.01) (3.59) (1.07) 
Mi, — 03 — 96 1.74 2.54 —2.5] —.06 95 .020 2.11 | 
(1.38) (16.03) (8.37) (3.97) (4.83) (.28) 
H, = 3 —.97 161 263 -2.62 06 96 017 229 | 
(1.43) (18.53) (9.09) (4.46) (5.35) (.30) | 


Note: The dependent variable in all the regressions is 7, + €., the measure of exchange market pressure. The 
values in parentheses below the coefficients indicate t-ratios for the corresponding estimates. The S.E. and D.W. 
denote, respectively, the standard error of the regression and the Durbin-Watson coefficient. R? is the coefficient 
of determination adjusted for degrees of freedom. The income coefficients are the sum of four-year distributed lags, s) 
of real GNP for each country. A second-degree Almor: polynomial was used with the far tail tied to zero. All-% 
equations were run using the Cochrane-Orcutt technique to adjust for serial correlation; p is the estimated value 


of the first-order autoregression coefficients. 


equation (9) is estimated using the percent 
change in three alternative U.S. monetary 
aggregates representing U.S. monetary con- 
ditions. The first regression uses M2,, the 
second uses money narrowly defined (M 1), 
and the third uses U.S. base money (H,). 
The estimated coefficients have the correct 
sign and are significant at the 5 percent con- 
fidence level.** The explanatory power of 
the model is illustrated in Figure 1 where 
the actual and predicted values of the de- 
pendent variable are plotted. The predicted 
values are those coming from the regression 
in which a broad U.S. monetary aggregate 
is used. 

To interpret the implication of the esti- 
mated value of the ¢, coefficient, it is useful 
to consider the degree that Canadian mone- 
tary independence would be curtailed if ¢, 
were .95, Suppose that in a particular year 
the expression „hu + BeYe — Bu Vy + VIS 
zero so that equation (9) reduces to r, + 
e, = —.95d,. Suppose the Canadian author- 
ities initially attempt to increase their 
money growth rate by 10 percent by setting 
d, = .10. Then, they must be prepared to 
either allow their currency to depreciate by 
9.5 percent during the year (e, = —.95(.10) = 
—9.5 percent) or lose reserves at a rate 
equal to 9.5 percent of their base (r, = —.95 
(.10) = —9.5 percent) or some combination. 


28The model has no implication for the sign or 
significance of the constant term. The constant term is 
. hot significant. 


Alternatively, suppose the authorities 
purchase domestic assets in sufficient quan- 
tity to successfully raise their base from 
C$10 to C$11 billion. Then a.95 value for 
$. implies that C$9.5 billion worth of for- 
eign reserves would be required by the 
Canadian authorities to support their rate. 
The estimated coefficient on the domestic 
source of Canadian base money (d,), oft 
—.96 or —.97, supports the view that the * 
Canadian monetary authorities, when under ` 
a fixed exchange rate regime, have little 
scope of pursuing an independent mone- 
tary policy. 

An alternative way of expressing equa- 
tion (9) that highlights the implications for 
monetary independence is 


Percent change 








=_= — Actual 
== Predicted 


(re +e.) 
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2") h, +e, = Ild, + ỌuM, + BeVe 
| = BuVu + Y 


quation (9') is found by adding d, to both 
ides of equation (9) such that J, = 1 — ġe 
ince k, is on the left-hand side of (9°), it is 
lear that the estimate of J, is a measure of 
he degree to which d, influences k, when 
the Canadian authorities keep e, = 0. The 
coefficients obtained from estimating (9') 
ould be identical with those obtained from 
he estimation of (9), except that J, = | — 
$e. Our estimated value of $, above .95 im- 

ies a value for J, below .05. We use (9) in- 
stead of (9’) because we are interested in 
explaining Canadian foreign exchange mar- 
ket pressure as well as estimating the degree 
of Canadian monetary independence. 

The measure of exchange market pressure 
used as the dependent variable in the re- 
gressions can be split into the two com- 
ponents, changes in official reserves, and 
changes in exchange rates. The assumptions 
used imply that the total of these two com- 
ponents is not sensitive to the composition. 
In order to test for the sensitivity of the 
measure of exchange market pressure to its 
composition (whether the authorities ab- 
sorb pressure in international reserves or in 
the exchange rate), the equations were re- 
estimated with the ratio Q = e,/r, entered 
as a separate explanatory variable.” The 
results were the same for all three equa- 
tions. For that reason, only the M2, equa- 
tion is reported: 























(10) r, +e, = —.04 ~.94d, + 1.12h, 


~ (1.03)(12.21) (4.81) 
< + 2.90y, — 3.03y, + .0010 
(3.41) (4.15) (1.08) 
p = .08, R? = .92 
(.36) 


S.E. = 2.025, D.W. = 2.06 


2 Another way of testing for the sensitivity of the 
dependent variable to its composition would be to 
split the dependent variable into its components and 
put one of the components on the right-hand side as an 
sxogenous variable. But doing this would introduce a 
simultaneity problem since the authorities often react 

Stherchange market pressure by both intervening and 
allowing the exchange rate to move. 
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The coefficient on Q is not significant and 
other coefficients are left essentially un- 
changed indicating that the explained value 
of exchange market pressure is not sensitive 


to its composition. This implies the de- 


pendent variable r+ e can be appro- 
priately used to determine the volume of 
intervention necessary to achieve various 
exchange rate targets. 


APPENDIX 


In the text, monetary conditions in the 
United States and Canada were used to de- 
velop an equation for estimating a measure 
of exchange market pressure for Canada. 
Here we show that the results obtained 
from focusing on only the two countries are 
consistent with the limiting case in an ex- 
plicit multicountry. framework. Also, sev- 
eral propositions that were asserted in the 
text are proved. 

The flow monetary equilibrium condition | 
for country / is 


(Al) 
The policy reaction function for country / is 
expressed as 
(A2) 

or 


hi = r; + d; = t; — api + BY; 


d; wz d? = AGN; 


Using the policy reaction function (A2) to 
substitute for d; in (Al) and solving for 7; 
yields 


m; — ap; + By; — d? 


a RE (=N) 


The world demand for international re- 
serves is assumed to be equal to the supply. 
This world reserve equilibrium condition 
can be expressed as 


È Sili = Fy 
H, = 2H;/E£; 


(A4) 
where s; = H,/E;Hy, 
and r, is the rate of change in the supply of 
international reserves as a proportion of 


world base money (H). 
Substituting the demand for international 
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reserves (A3) into the global reserve equilib- 
rium condition (A4) yields 


(A5) 


Do gig (e - a0 + Biyi ~ dh) = r, 


Defining 6, and 6; analogous to the defini- 
. tions of @, and ô., i.e., for country i with re- 
spect to the United States, substituting the 
6; and 6; in (AS), and solving for n = t, — 
ap, yields 


i oo two —_— = a + 
(A6) n= =s,/( = ri) zw, (8; Yi 
— e; + 6; ~ ab; — d?) 
. _ S/Q — Aj) 
where — w= Sn A) 


An expression for h, in terms of the pol- 
icy parameters and the other exogenous 
variables is found by substituting 6,, ô., and 
the expression for n into (A1): 


Py 
SO Pes Ge) 
— Zw, (By; — ei + b; — að; — d?) 
+ (BeYe — ee + 8, — að, — ee) 
The expression for r, is obtained by substi- 


tuting the expression for k, into the policy 
reaction function (A2): 


l r 
AS) Petes | 
Se a eee Feit =) 
~ Zw (By; — e: + bi — ad; — d?) 
+ (Be Ye — ĉe + 6. Eg as, = d?) 
Assuming the other right-hand side vari- 
ables in (A7) are independent of d?, i.e., the 


e are fixed and the @ and 6 are independent 
of de, and that @A;/0A; = 0, fori = j, then 





ah, 
(A) Hon 
ah 
P E ey ED > 
d°an, We Dy ww; 2 0 
07h. — WoW, 


pee ee ee oe 
od, TLA, $O 


In a highly integrated world, with fixed ex- 
change rate targets, (0 < w, < 1) determines 


| 
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the power of a country c, through domesti 
monetary operations, to influence its own 
and the world’s rate of monetary growth. 
The second and third expressions in (A9 
show the change in the degree of influence 
over world monetary conditions country < 
has with changes in its own and others 
sterilization behavior. By inspection of (A9) 
it can’ be seen that, assuming no country 
completely sterilizes, w, increases with in- 
creases in A, and decreases with increases in 
X, (u = c). In the limit where country u com- 
pletely sterilizes (A, = 1), then w, = 0, for 
alle = u,andw, = 1.7! dl 

When A, = 1 and A, = 0, the expressio s 
for h, and r, reduce to 12 


(A10) he = hu + BeYe ~ Badu ee | 
+ 6. — aĝ, 
and 
(All) r, +e, = —d? +h, + Beye 
— BV, + 8, — a6, 


where it is recognized that by definition e,, 
6,, 6, = 0, and that when A, = 1, then 
Zs,/Ui — à) = Oandh, = d}. P 


> 


Canadian International Reserve figures were 
obtained by adjusting “Canadian Official 
International Reserves-Total’’ (series 
B3800 in the Bank of Canada Review 
(BCR) for SDR allocations and gold re- 
valuation profits. These adjustments take 
out the effect of nonmarket transactions 
on the reserve stock figures. There are 
other types of nonmarket transactio 
that we have not adjusted for because of 
data difficulties. Nonmarket transactions 
in reserve assets will tend to bias the co- 
efficient on domestic assets toward nega- 
tive one. The reserve series used consists 


DaTA APPENDIX 


39The w, which depend on the s and A, are the rele- 
vant measure of country size in the model used in this 
paper. It should be noted that this measure of size de- 
pends on the assumption that domestic open market 
operations should be scaled by the stock of bage 
money. i 

3f more than one country completely sterilizes, tpe j 
model is overdetermined. 
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of end-of-month stock figures. The r, was 
calculated by first differencing the aver- 
age of the end-of-month reserve figures 
and dividing by the product of lagged 
values of the exchange rate and Canadian 
base money. 

-anadian Monetary Base was obtained by 
adding “Total coin outside banks” (BCR 
series B2003), “Total notes in circula- 
tion” (BCR series B51), and chartered 
bank deposits at the Bank of Canada 
(BCR series B55). Annual averages of 
Wednesday figures are used. 

Jomestic Assets Held by Canadian Mone- 
tary Authorities were obtained by sub- 
tracting Canadian International Re- 
serves, in Canadian dollar terms, from 
the Canadian monetary base. 

xchange Rate (U.S. dollar price of Cana- 
dian dollars) is the annual average of 
noon buying rates in New York. 

J.S. Monetary Base is the annual average 
of the weekly figures put out by the St. 
Louis Federal Reserve Bank. 

J.S. and Canadian Real GNP figures are 
annual averages of quarterly figures put 
out by the U.S. Office of Business Eco- 
nomics and Statistics Canada. 
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Hedonic Wage Equations and Psychic Wages 


in the Returns to Schooling 


By RosBert E.B. Lucas* 


ret rrr 


Since the time when Adam Smith first ob- 
served that public hangmen received higher 
wage rates in compensation for their ob- 
noxious task, the notion of equalizing wage 
differentials has maintained its status as a 
received doctrine, despite a dearth of sys- 
àtematic empirical work in the interim. This 
neglect can partially be attributed no doubt 
-= to the difficulties of interpreting such catch- 
all concepts as reported job satisfaction, but 
the discovery of an unusually rich and 
hitherto unexplored source of data renders 
possible a “‘new approach” to the topic in 
_ this paper. 

These data, collected for the Dictionary 
of Occupational Titles, describe in terms of 
occupational attributes the nature of the 
work task involved in some 14,000 jobs. For 
example: the physical work environment is 

F described by indicating the presence of toxic 
conditions, extreme temperatures, and haz- 
ard; whether the job is highly repetitive, or 
is supervisory are recorded; and the levels 
of such abilities as strength and general 
educational development “‘required” for 
task execution are estimated. The principal 
objective here is to discover how individ- 
uals’ wages vary, ceteris paribus, with such 
indicators of the quality of working life, by 
inserting these job characteristic variables 

p into a wage equation that also embraces 

> persona! data. 

It is apparent that such a relationship 
truly belongs to the general class of hedonic 
price functions, yet, in contrast to existing 
hedonic equations, this wage equation em- 
bodies two quite distinct sets of characteris- 
tics: one describing people, the other de- 


*Boston University. I am grateful to the following 

persons for comments on earlier drafts: R. W. Clower, 

. F. M. Fisher, R. E, Hall, G. Hanoch, J. G. Riley, 

’ F.R. Welch, and the referee. The U.S. Department of 

Labor provided financial support under contract No. 
~Ph'J-9-M-5-0042. 


Á 


549 


scribing their jobs.! The essential cause of 
this contrast is that the market for jobs does 
differ in a fundamental sense from the con-_ 
sumer goods markets as commonly con- 
ceived, for entrepreneurs are not indifferent 
to the identity of workers to whom they 
“sell” jobs, as is commonly supposed in the 
sale of consumer goods. Section I therefore 
augments the existing theory of hedonic 
prices for consumer goods by briefly con- | 
sidering the problems of choice on behalf 
of fully cognizant employees and employers 
facing parametric wages, in a scenario 
where both work and workers vary in qual- 7 
ity as depicted by their separate character- 
istics. Market clearing, in the sense of 
matching choices, is shown to generate a 
hedonic wage equation of the type to be 
estimated in Section II, being a reduced 
form outcome of a market wage-setting 
process. 

Section II describes the U.S. cross- 
sectional data file compiled for this study, 
and presents the hedonic wage equations 
estimated. Section III illustrates one appli- 
cation of the estimated hedonic coefficients, 
namely in computing the direction and 
magnitude of bias resulting from estimating 
the rates of return to schooling from money 
wage data alone, when standard theory sug- 
gests that gains in the monetary equivalent 
of psychic wages ought also to be included. 


I. Pairing of Workers and Jobs 


A. Workers’ Choices 


The basic postulate in this choice model 
is that each worker cares both about the 


l Finis Welch and Zvi Griliches both noted the con- 
nection between equations relating wages to personal 
characteristics alone and the hedonic price literature. 

2In particular, this is an extension to the labor-job 
market context of the hedonic models in Sherwin 
Rosen (1974) and the author (1975). 
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monetary rewards from his work and about 
the “quality” of his working life as de- 
scribed by some vector of attributes of the 
job performed, written here as vector Z; for 
job i. (For a summary of notation adopted 
in this model, see the Appendix.) Of course, 
attitudes to pecuniary and nonpecuniary re- 
wards vary from person to person, but it 
may be supposed that tastes are at least 
partially conditioned by some vector of 
measured personal characteristics of the 
worker (vector G* for person a).? Two basic 
reasons may be given for such a postulate 
here: 

a) A presumption of dissatisfaction re- 
sulting from performing a task that in- 
volves the use of more, or less, of an ability 
than is possessed by the person.* 
b) Tastes are not determined in 
. heaven; they are, at least partially, formed 
through environmental experiences, and 
some elements of the vector of personal 
characteristics may be viewed as factors 
that condition the probability of having had 
certain experiences. 

The study cf discrete choice in this con- 
text differs from existing work on consumer 
goods only in that prices cannot be as- 
sumed uniform. Not everybody is offered 
the same wage rate for any given job, so the 
wage rate offered to worker æ for occupa- 
tion į must generally be written as wf. In 
addition, not every job is a member of any 
one person’s job choice set, yet at least con- 
ceptually, one can imagine such excluded 
jobs as being available but only at a wage 
rate which removes the job from the set of 
feasible solutions. 

Each worker’s utility may now generally 


3This general approach is developed by Daniel 
McFadden. For an application to occupational choice, 
see Michael Boskin. 

4A person of high intelligence but low strength may 
enjoy being a chess player, but the same person may be 
repulsed by the prospect of playing football (at the 
same wage -ate); another person, with a different com- 
parative advantage, may reverse the ranking of these 
jobs. This idea is formalized by Jan Tinbergen who 
supposes utility tc be determined by a quadratic loss 
function dependent upon discrepancies between job 
and personal attribute values, though Tinbergen’s job 
characteristics are rather different from those above. 
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FIGURE ! 


be written as some function:° 


(1) u“ = ulwr, Zis G*, €”) 






where e“ represents the idiosyncratic ele- 
ment in @’s taste not attributable to G*, and 
not available to the empirical observer. | 
A choice problem for a group of workers | 
with common wage offers for all relevant 
jobs, assuming a continuum of such jobs, is 
illustrated in Figure | for one job character- 


istic which is distasteful to all. Workers | 
choose from a set of jobs bounded by a . 


frontier (comparable to the Lancastrian 
budget constraint) such as £,£,. Efficient 
job choosers from this set, possessing conr 
plete information and various tastes, dis- 
tribute themselves along F,£, at points 
where their indifference curves are tan- 


SNotice that leisure may be treated in the context of 
(1) in either of two ways: by viewing leisure as a “job” 
which the worker either does or does not perform; or 
by measuring hours of work as one job characteristic. 
On the former, see Kelvin Lancaster and on the latter 
Rosen (1969). 

6The assumption of a job continuum is not essential 
to the following, though in its absence the Kuhn- 


| 
| 
| 


Tucker conditions are only approximated. _ a 
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gential to the frontier.’ Of course, there 
exist at once many frontiers, such as £ E; 
and EE, one for each group of workers 
with common wage offers, though each has 
a positive slope given a universal distaste 
for this job characteristic. 

When a worker chooses a job, i, to maxi- 
mize (1), the result is an equating of the 
marginal rates of substitution between wage 
rate and each job characteristic with the 
ratio of their shadow prices at the relevant 
point on the efficiency frontier. Solving 
these equalities provides a set of supply 
functions for each worker:® 


(2) OF = A(Q%, Zi, G, e°), 
where 87 = 1 if æ selects occupation i, 


0 otherwise; 
Q? is the vector [wf...w?...] 


Il 


all i, a 


B. Firms’ Choices 


It is fairly conventional to maintain that 
workers’ productivities vary systematically 
according to some vector of personal char- 
acteristics, this being the tacit root of both 
‘human capital and signalling theory. How- 
ever, in the present model, the character- 
istics of the job performed are also intro- 
duced into the function for net profit (7%) 
generated by worker a. The arguments for 
introducing the latter are twofold: first, 
because productivity is likely to be influ- 
enced by the extent to which a person’s 
abilities match those required in the execu- 
tion of a job task;’ secondly, that a person’s 


Note that in Figure 1, #7 measures the ‘money 
-wage plus the monetary equivalent of psychic wage” 
for person «æ with indifference curves RŽ, It is clear that 
unless by chance E; Æ; is linear, this aggregate form 
must vary with taste even within a group of workers 
facing identical wage offers and presumably of similar 
skills. 

8Stuart Altman and Robert Barro consider a special 
case within this class of functions, Note that (2) ap- 
peals to McFadden’s axiom on the irrelevance of the 
alternative set effect in the context of nonreplicated 
experiments to avoid the writing of all job char- 
acteristics of all jobs in (2). See McFadden, p. 110, 
axiom 3. 

Thus, high levels of strength endowed in a person 
: probably do not add, and may even detract, from pro- 
ductivity in a purely sedentary job. This is the basis 
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willingness to supply effort while on the job 
probably depends upon the nature of the 
task involved.!° Thus: 


(3) Te = GACHA Z;, G*, 4°) 


where &* is the worker’s idiosyncratic skill 
not reflected in G*.!! 

It must be recognized that a firm makes, 
at any moment in time, two types of deci- 
sion vis-a-vis a potential worker: whether 
to (continue to) hire, and to which job this 
person may best be assigned if hired. Con- 
ceptually, such decisions may be treated as 
if made simultaneously for every worker. 

Again maximization leads to an efficiency 
frontier, ee, as an envelope of isoprofit 
curves for workers with identical going 
wage rates for all relevant jobs. At a maxi- 
mum point, the derivative of (3) with 
respect to the jth job characteristic is pro- 
portional to the shadow price of job charac- 
teristic j, the latter being the derivative of 
wage with respect to that job characteristic 
at the relevant point along the firm’s effi- 
ciency frontier. Using these conditions and 
solving provides: ” 


(4) rf = 7(Q% Zn G% E*), 


where 7f = 1 if this firm wishes to hire a for 
job i; 0 otherwise. 


alli, a 


of comparative advantage in, job performance. Note 
that it is not simple to distinguish between “ability” 
and “working condition” job characteristics: e.g., ex- 
treme temperatures in the work place are uncomfort- 
able, but there is in some sense an ability to withstand 
such extremes. 

Since supply of labor conventionally refers to 
turning up at work, supply of effort on the job is sub- 
sumed into productivity on the demand side of the 
market. 

11The marginal contribution of any individual to a 
firm’s revenue product is also likely to depend upon 
the occupational activities of all other workers both 
because of diminishing marginal productivity, and be- 
cause the necessity of performing team work may 
render this worker’s productivity dependent upon the 
qualities of fellow workers in his own and related jobs. 
This activity vector is omitted from (3) here for it adds 
nothing to the problem given the assumptions which 
follow. 

l2Note again our reliance on the irrelevance of the 
alternative set effect. Otherwise, all wage offers and 
personal characteristics of every person, as well as all 
jobs’ characteristics, enter (4). 
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C. Market Clearing 


A complete equilibrium may be defined 


by the matching of plans on behalf of em- | 


ployees and employers so that 
(5) r? = OF 


In this equilibrium, the two efficiency fron- 
tiers for any worker, such as E, £, and e,e, 
in Figure 2, must be coincidental in the 
neighborhood of choice, generating the 
“kissing” of corresponding isoprofit (m°) 
and indifference (W*) curves familiar from 
Rosen (1974). The system of equations (2), 
(4), and (5) may presumably then be solved 
for the reduced form equilibrium wage (6) 
and occupational allocation (7) equations: 


(6) wr = w(Zi, G”, 6%, °) 
(7) t7 = t(Z;,G*, €%, °) 


To the set ‘of equations (6), the term “he- 
donic wage equations” may be applied.” 


H. Hedonic Wage Equations Estimated 


A. Data Sources 


In order to estimate the reduced form 
wage equation in (6) it is desirable to have 
observations of individual’s wage rates, per- 
sonal’ characteristics, and job characteris- 
tics. Such a data file is compiled for this 
study by combining information from two 
separate U.S. sources: 

a) The Survey of Economic Opportunity 
(SEO) reports hourly earnings and various 
personal deta for each adult in the survey. 
The SEO actually comprises two separate 
half samples: a national random sample; 
and a supplementary sample, drawing from 
predominantly nonwhite neighborhoods. 
Observations are confined in this study to 
whites from the random half sample and 


\3The equilibrium condition (5) may rightly be con- 
sidered too exacting in its informational content. An 
alternative view is to imagine employers predicting m“ 
with (3), using observed values of G% (see Michael 
Spence, 1973). Unde risk neutrality, and assuming €“ 
and £* to be additive in (1) and (3) with zero means, 
equilibrium may be defined by E(rj‘) = £(67) for 
workers with common G“. This condition provides a 
reduced form similar to (6) and (7), but in terms of G”, 
with «%, £7 omitted. 
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FIGURE 2 
blacks from the other half sample, there 


being too few blacks in the former. 
b) A Dictionary of Occupational Titles 


(DOT) tape provides the data on job char- 


acteristics, describing in terms of attributes 
the task involved in each of 13,778 occupa- 
tions from the DOT classification. 

To generate a suitable data file, the two 
separate sources must be spliced. Unfor- 
tunately, the SEO in reporting adults’ 
occupations does not adopt the DOT clas- 
sification, but rather the U.S. 1960, five- 
digit, census classification scheme (with 
295 categories). A weighted cross-classifica- 
tion table of the two occupational coding 
schemes, prepared by the U.S. Department 


of Labor, enables one to link the separate ~ 


SEO and DOT files. The cross-classification 
table is a matrix, each element being the 
number of adults from the October 1966 
Current Population Survey (35,000 house- 
holds) who enter a particular job cross- 
classification cell. From the resulting 13,778 
by 295 matrix it is possible to compute the 
sample probabilities of performing each of 
the DOT occupations given census occupa- 
tion. 


X 


ty o oa 
i4Two of the census occupations (laborers n.e.c. andi 


operatives and kindred workers n.e.c.) contain a sub- 


A 
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Job attributes on the DOT are measured 
as dummy or step value variables. Convert- 
ing the latter to dummies, one can compute 
the probability of holding a DOT job with 
an attribute at a particular level given cen- 
sus occupation (industry). Using adults’ re- 
ported census occupation (industry), a vec- 
itor of job attribute probabilities is then 
‘assigned to each adult in the Survey of Eco- 
nomic Opportunity. Unfortunately, 17 per- 
cent of the SEO working adults failed to re- 
port their occupation for the week of the 
survey.'* The missing job characteristics for 
this group are therefore predicted here by 
‘use of equations regressing job on personal 
characteristics for the remaining group,” 


B. Specification and Estimation 


| The following variables are those in- 

cluded in the estimated relation: 

Ww = hourly earnings deflated by a loca- 
tional cost-of-living index !® 

gf = age in years 

ü“ = 1 if adult is a union member; 0 other- 

P- wise 

` 2, = probability of holding a DOT job 
with the following characteristics: 


i 


i 


stantial proportion of the labor force and are particu- 
| larly heterogeneous with respect to type of work done. 
| These two categories are therefore subdivided here by 





five-digit census industry, thereby reducing the vari- 
ance of job characteristics within each cell. The DOT 
job probabilities within industry subcells are then com- 
puted by matching the industry associated with each 
job on the DOT tape and the very detailed census in- 
dustrial classification. 

15One outcome of this process is that since only one 

oss-classification matrix exists for all race/sex 

“groups, it has to be assumed that the distribution over 
DOT occupations within a census cell is the same for 
each race/sex group. 

l6The SEO in fact asks occupation for most of 1966 
rather than the week of the survey. The 17 percent 
figure therefore includes persons not responding posi- 
tively to having retained the same job, as well as those 
failing to report 1966 occupation (industry). 

17 These equations are tabulated in full in the author 
(1972), Appendix A, and summarized in the author 
(1974). 

i8These indices are condensed from Bureau of 
¡abor Statistics (1967). Separate indices are used for 

‘the 12 large SMSAs, and for other SMSA and non- 
WÆMSA locations within the four major regions. See the 
author (1972), pp. 204-05. 
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. specific vocational preparation 
(SVP), required for average job per- 
formance, in excess of one month. 

2. higher levels of general educational 
development required (GED, an in- 
dicator of reasoning development re- 
quired of a worker for average satis- 
factory task execution). 

3. supervising a group of workers. 

4, nonsedentary (i.e., task does not in- 
volve both mostly sitting and never 
lifting more than ten pounds.) 

5. repetitive or short-cycle operations 
carried out according to set pro- 
cedures or sequences, 

6. a work environment embracing at 
least one of the physical conditions: 
extremes of heat or cold; wet or 
humid conditions; sufficient noise to 
cause marked distraction or possible 
injury to the sense of hearing; defi- 
nite risk of bodily injury; fumes, 
odors, toxic conditions, dust, or 
poor ventilation.” 


The specification chosen is: 
(8) Ind? = B+ or) + oâ" 


6 
+ 2, Bj2y + e° 
j=l 


where ¢ is a piece-wise linear function with 
break-points chosen at ages 14, 25, 55, and 
99, the third being omitted; and e” is a 
stochastic disturbance term. 

Note that the 2; measure true job attri- 
butes with error, but, being the census cell 
means, it is reasonable to suppose an ab- 
sence of bias, though some degree of hetero- 
skedasticity is incurred in using ordinary 
least squares.” A separate equation (8) is 
estimated for the four race/sex groups for 


iS**Higher” refers to GED levels 4 and above, 
Richard Eckaus tentatively suggests that level 4 might 
be associated with high school completion (after con- 
verting Eckaus’ 7 classification to the 6 in this later 
edition of the DOT). 

22For more detailed information on all job char- 
acteristics, see DOT, Appendix. 

21Given a large number of cells, the variance of 
errors due to errors-in-variables is probably small 
compared to other sources, and the loss of efficiency 
from not employing weighted least squares therefore 
smali. 
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TABLE [--ESTIMATED HEDONIC WAGE EQUATIONS 
White Males Black Males White Females Black Females 
Schooling 0-8 9-1] 12 0-8 9-11 12 0-8 9-11 12 0-8 9-11 12 
Constant 470 .765 819 ~.111 427 284  .350  .603 .413  .353  .245 287 
(.106) (.086} (.076) (.176) (.149) (115) (.160)} (.119} (070) (.278) (.129) (.095) 
Age 14 —,570 —.819 —.690 ~.469 —.573 —.390 —.183 —.380 —.310 —.380 -.237 —.343 
(.057) (.042) (.050) (.067) (.054) (.079) (.097) (.070) (.047) (.123) (.063) (.072) 
25 -101 —.136 —.127 —.123 —.136 ~.064 —.064 —.048 —.037 —.032 -.077 —.168 
(038) (.035) (026) (.042) (.048) (.052) (.076) (.073) (.035) (.061) (.054) (.053) 
99 ~ 687 —1.162 —.772 —.754 ~1.143 -1474 -.979 —1.371 -.423 —.208 —.257 —.700 
(118) C191) €170) (162) (411) (573) (209) (359) (.216) (.180) (.357) (.475) 
Union member .299 (239 1160 447 .268 253 262 .218 .208 .324 .235 25 
{.022) (.021) (.017) (.027) (.029) (.030) (051) (.055) (.032) (.060) (.050) (007) 
SVP 344 228 (335 336 86.197 335 8.246)  .020  .166 .201 32243 
1.059) (.057) (.065) (.056) (.062) (.062) (.071) (.077) (.053) (071) (.056) (.052) 
GED 423 245 241 444 25 139 «6.382. .285 .3Ii5 S128 .150 319 
r.050) (.046) (.039) (.067) ( 070) (.068) (132) (103) (.047) (148) (.097) (.075) 
Supervise 151 .227 61521840159 —.128 —.440 -.185 ~.067 019 -.348  .045 | 
(.086) (.068) (053) (.162) (184) (.208) (.342) (245) (.194) (344) (257) (201) 
Nonsedentary -.260 -.138 -.170 055 —.055  .275 -.504 -.398 -.188 -—.610 -.217 —.282 
(.092) (068) (€038) (172) (€135) (.080) (139) (089) (031) (€272) CII) (064) 
Repetitive 296 119  .103 .450 264  .077 .400 .274 .223 .152 li .256 
(.045) (045) (.043) (. 046) (.056) (,059) (.082) (080) (049) (.069) (065) (071) 
Physical 133. 100) .068  .109 .128 —.077 .149 .198 =) 033) .377 12l .195 
conditions (039) (.035) (.028) C 047) (.048) (.051) (.075) (.079) (.054) (.070) (061) (.066) 
Degrees of 
freedom 602 1758. 2699 1625 955 757 735 990 2020 1038 809 826 
Sum squared . 
residuals 254.9 258.4 392.2 326.6 143.1 101.1 203.9 337.9 351.2 246.9 134.6 125.454] 
Residual . 
variance 165.147) .145 20i „150  .134  .278 34l 174 .238 .166  .152 
2 .374 46l 199 330 .319 (165 233 149 .144 .l46 .152 230 


each of three levels of schooling: 0-8, 9-11, 
and 12 grades of school completed.” Per- 
sons failing to report a wage are omitted, as 
are those reporting no wage, the latter be- 
cause leisure activities and their attributes 
are not known. Also, those adults from 
families with family business or farm in- 
come exceeding $1000 are excluded, there 
being considerable difficulty in distinguish- 
ing labor from property incomes in such 
cases. 


C. Results 


The estimated coefficients, with their 
standard errors in parentheses beneath, are 


22Regressions foz higher education categories are 
not reported here owing to space limitations and be- 
cause very few observations on blacks at these levels 
are available. 


given in Table 1.” The coefficients on the 
constant term are estimates of mean log 
wage for 55 year old nonunion work- 
ers possessing jobs with none of the in- 
cluded job characteristics. Of the race/sex 
classes within this group, only white males 
demonstrate monotonic increases in wage 

rate as grades of schooling completed riso 
Note that being black and being female 
serve to reduce the constant term’s coeffi- 
cient, indicating that this well-known phe- 
nomenon is not a consequence of the in- 
cluded job attributes. Similarly, the familiar 
profile of wages across age groups is ob- 
served——at first rising, then turning down— 
though for females there is no significant 


23Reestimating these equations, omitting Ed 
tions with missing job characteristic values predicte 
by regression equations, generates no significat” 


changes. 
> 
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rise from ages 25 to 55. It is interesting that 
‘the profiles persist here despite the inclusion 
of a measure of vocational preparation re- 
quired for the job, a result which proves in- 
| sensitive to alternative measures of the spe- 
‘cific vocational preparation variable. 
| In my 1974 paper I report that, ceteris 
‘paribus, union membership is associated 
with those job characteristics more com- 
mon to lower levels of schooling. However, 
itis seen from Table i that union member- 
| ship has a very substantial effect on wages, 
| even holding job attributes steady, this 
partial effect reaching a level of 45 percent 
‘Yor black males with low levels of schooling. 
Within each sex, the effect of union mem- 
bership is towards equality of the races, 
though not such as to entirely offset con- 
stant term discrepancies. In contrast, union 
membership serves to widen sex differentials 
| for given job types within each race. 

James Scoville fails to discover any “‘sig- 
nificant” relationship between occupational 
wages and specific vocational preparation, 
whereas the corresponding coefficients in 
Table 1 are quite large. They indicate a 

wage differential in excess of 25 percent be- 

` tween groups with more and less than one 
month of training (with the notable excep- 
tion of female whites). Similarly, within 
each class (except black females with lower 
schooling levels), those persons paired with 
jobs demanding higher levels of general ed- 
ucational development receive significantly 
greater wages, even though number of 
grades complete is held constant. (These 
upper steps of GED are, incidentally, highly 
correlated with the Dictionary of Occupa- 

wiional Titles measures of intelligence re- 
quired to perform a job.) 

White males’ wages improve some 15 to 
20 percent upon assignment to a super- 
visory job, whereas women of both races 
tend, if anything, to lose. The small num- 
ber of black males and women who super- 
vise is reflected in their high standard errors 
on this coefficient. The nonsedentary jobs 
are those requiring more lifting and physical 
exertion. The undertaking of such tasks, if 

s distasteful, is not rewarded, and neither is 
the possession of any physical ability which 
“'might be associated with heavier jobs, but 
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rather the converse, which suggests the 
omission of some skill associated with 
sedentary job holders. - 

Indeed,.cach of these first four job char- 
acteristics is probably associated with shifts 
of the efficiency frontiers rather than move- 
ments along them. However, the positive 
coefficients on the repetitive and physical 
conditions attributes might well be viewed 
as compensatory payments, offering some 
of the first evidence in support of Adam 
Smith’s notion of equalizing differences, 
and reversing the negative simple correla- 
tion between these characteristics and wage 
rates. 


III. Psychic Wages in the Returns to Schooling 
A. Theory 


Suppose the wage equation (6) may be re- 
arranged as: E 


(9) iIn(we + ¥°(Z,)) = P'G* + e+ & 


where P is a vector of scalars [pm]. This, of 
course, is the standard human capital wage 
equation, for in equilibrium all elements of 
Z; in (6) are arguments of the utility func- 
tion so ¥W*(Z;) may be termed the monetary 
equivalent of psychic wage. However, when 
estimating the rates of return to malleable 
elements of G°, it is common practice to 
neglect Y“ in measuring the dependent vari- 
able. What is the consequence of this omis- 
sion? 

Writing the commonly estimated rate of 
return to investment in element g% of G* as 
Pm, Which equals a(log wf)/dg2., it is easily 
seen that: 


_ alnlwe/(we + YZ) 


(10) Bm — Pm age 
In words, the direction of error from omis- 
sion of psychic wages depends upon whether 
the share of money wages in total compen- 
sation increases or decreases with the rele- 
vant personal characteristic. 

The money wage plus the monetary 
equivalent of psychic wage measured in (10) 
is, of course, an index number, using 
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TABLE 2—Psycuic WAGES IN THE RETURNS TO SCHOOLING 





Pm Pm 


(Bm — Pm)/Pm Pm 


Schooling p Bm — p 


Computed with shadow prices from schooling class 


Classes Sex /Race 0-8 9~11 12 
9-11, 12 MW —.034 —.018 —.017 
B —.034  —.025 .000 
FW —.039  —.036  —.023 
B —.027  —.015  —.043 
12, 13-16 MW —.023 —.013 —.012 
B —.048 -.035 -.002 
FW —.035  —.029  -.024 
B _ —.035  —.020  —.055 
13-16, 17+ MW —.010 -005  -.005 
: B —.026  —.019 -—.001 
FW —.017 -014 -.012 
B —.012  —.007  -.019 


shadow prices to add the “quantities” of 
money and psychic wages. At any one level 
of schooling there exist at a point in time 
many shadow prices that might be used for 
aggregation, as the efficiency frontier is not 
generally linear, but since the rate of return 
to schcoling is itself an average, the mean 
shadow prices are obvious candidates. Even 
these means vary across levels of schooling, 
and the distinct efficiency frontiers corres- 
ponding to different educations normally 
acquire different shapes, as EF, E, and EE, 
in Figure 2. Clearly, just one set of shadow 
prices must De adopted if a meaningful in- 
dex is to be constructed, though the index 
and consequently the computed values in 
(10) are not independent of this selection. 
Further, consider the notion of a “true” in- 
dex of profitability from investment in 
schooling, defined as the money wage com- 
pensation necessary on average to leave the 
efficiency frcntiers for two levels of school- 
ing just touching the same indifference 
curve for every person. Unfortunately, as 
John Muellbauer shows, such true indices 
generally stand in an unknown relationship 
to the Laspeyres and Paasche counterpart.” 
Thus, distarce XY in Figure 2 (resulting 
from a parelel shift of E, E, to Ej Ei) may 
either exceec or be less than the equivalent 
variation measure of change in @? con- 
structed from the shadow prices at ¥ on 
E E. 


24See also N. Anders Klevmarken. 


0-8 9-11 12 0--§ 9-11 12 
— 334 — 180 — 169 .134 19 LIT 
~ 42] — 309 002 114 105 080 
— .392 —~ 361 — 233 .139 .136 = 123 
— 1265 — 147 — 423 129 .117 145 
—~ 301 ~ 168 ~ 138 .106 .090 089 
—,522 — 378 ~ O19 .140 .127 094 
— 382 —.313 ~ 26) . 127 121 116 
—.240 — 138 ~ 372 182 .167 .202 
—,272 —.146 ~ 114i 048 043 043 
— 241 —.178 — 013 134 127 .109- 
—.157 —,130 —,110 126 123 ‘124d 
~,082 — 052 ~ 136 153 .149 161 

B. Results 


This last subsection computes the erro 
Pm — Pm, accruing from neglect of change 
in the repetitive nature of work and th 
physical conditions of the work environ 
ment, when evaluating the rate of return tc 
schooling. Three alternative calculations ar: 
performed for each race/sex group, each 
using the relevant coefficients on these ial 
characteristics taken from a particular le 
of schooling in Table 1. Rates of return anc 
the errors are allowed to vary in step form 
by pairwise comparison of levels of school. 
ing 9-11, 12; 12, 13-16; 13-16, 174+.” 

The results in Table 2 show that pm — Pn 
is negative at all levels of schooling, inde- 
pendent of the shadow prices chosen. This 
evidence suggests that omission of psychic 
wages does result in underestimation of the 
average rate of return to schooling. It oc- 
curs because wages represent a falling frad 


1 


25The ĝm is here computed very simply as the dif- 
ference in mean log wage rate divided by difference inl 
mean grades complete between these pairs: 


E In we — In we 
Pm = E | pa 
Em — Em 


` where œ and a’ are members of adjacent schooling 


levels. The p,, is calculated in a similar fashion, mea- 


suring w; by: 
6 4 
-Daal 3 


wh + W9(Z;) = WF f 
jel 
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on of total compensation as schooling 
ses. It is not possible, however, to state 
is conclusion definitely, for the conse- 
ences of including other components of 
sychic wages remain uncertain. 

The computed errors in Table 2 tend to 
e larger as shadow prices from lower 
hooling levels are employed, but how big 
re these errors? The second vertical panel 
Table 2 shows (m — Pm)/ Pm. Almost no- 
here is the error less than 15 percent of the 
ommonly estimated rate of return, and 
ctually exceeds one third in a number of 
es. Typically, the errors are smallest for 
e returns to graduate school. Since no 
lear race/sex patterns seem to emerge in 
ese errors, the estimates of p,, reported in 
e last panel tend to preserve the rank 
rderings of the p,,. 





“ 


IV. Closing Remarks 


This paper demonstrates the feasibility of 
multiple attribute approach to the prob- 
em of psychic wages and provides some of 
he first systematic empirical support for 
Adam Smith’s notion of equalizing wage 
ifferentials. Thus, it is shown that, ceteris 
aribus, workers do receive substantially 
igher money wages in compensation for 
ndertaking jobs embracing repetitive rou- 
ines and obnoxious physical work environ- 
ents. Further, it is established that tasks 
ssociated with higher levels of specific vo- 
ational preparation and general educa- 
ional development, and (for white males) 
supervisory jobs, do pay considerably 
igher wages ceteris paribus, suggesting re- 
ard to some omitted set of skills not fully 
reflected in the common schooling and age 
variables. 

The results presented here on psychic 
wages in the return to schooling indicate a 
considerable downward bias from estimat- 
ing such returns in terms of monetary re- 
wards alone. In essence, this result follows 
from the inference that the pecuniary frac- 
tion of total compensation is a declining 
function of schooling for all race/sex 
groups. 

learly, it would be of interest to pro- 
Rate in future work to the estimation of the 


r 
mn 
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supply (2) and demand (4) side forces which 
lead to the reduced form compensations 
studied above. However, the identification 
problems inherent in such an exercise are 
far from trivial, for, as Section I indicates, 
both job and personal characteristics gen- 
erally play a role on both sides of the mar- 
ket. 


APPENDIX: THE NOTATION SYSTEM 


Subscript i indicates a value associated 
with job i. Superscript œ indicates a value 
associated with person a. A bar indicates a 
constant value, A “hat” indicates a mea- 
sured counterpart. A tilde indicates inclu- 
sion of monetary equivalent of payee 
wages. 


Z; = [z,] are job characteristics. 
G" = [g?] are personal characteristics. 
Q" = [w7] are wage offers. 


P = [Pm] are returns to personal char- 
acteristics. 

rf = 1 if æ is selected for job i, 0 other- 
wise. 

Of = 1 ifa selects job i, 0 otherwise. 

tf = | if æa is selected for and selects 


job i, 0 otherwise. 


e“, £", e“ = idosyncratic, unobserved ele- 
ments in the utility, net profit, and wage re- 
gression functions, respectively. 


wf = market-clearing value of w?. 
u“ = union membership dummy. 
u” = utility. 

w = net profit. 


Ji 


H 
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Homothetic and Non-Homothetic 


CES Production Functions 


| By Ryuzo Sato* 


In economic theory the production func- 
tion is generally a concept stating quantita- 
tively the purely technological relationship 
between the output and the inputs of factors 
of production. An essential purpose of the 
concept is to describe the substitution possi- 
puun among the factors of production in 
IOrder to achieve a given level of output. In 
ithe past it has been convenient to approxi- 
ae the relationship by a special class of 
functions containing such specific forms as 
‘the Cobb-Douglas and the (homothetic) 
(CES (constant elasticity of substitution). It 
'is no exaggeration to say that these specific 
forms are the most frequently used non- 
linear type of special functions in the field 
of economic analysis. They have been con- 
strued as the simplest type of meaningful 
functions in both theoretical and empirical 

studies of production relationships (see 
“Kenneth Arrow et al., Daniel McFadden, 
and Jacob Paroush) and have received priv- 
ileged attention in economic growth analy- 
sis (see the author, 1970), 

In my previous papers (1974, 1975a) it is 
shown, however, that there exists a more 
general and more meaningful class of CES 
production functions, i.e., non-homothetic 
CES functions, which include the ordinary 
(or homothetic) CES or the Cobb-Douglas 
functions as special cases. While these ear- 
bier papers (especially 1975a) focused on the 
‘Mathematical aspects of the non-homo- 
thetic CES functions, I shall, in this paper, 
endeavor to present some economic inter- 
pretations of the properties of the functions 
together with some results of empirical ap- 
plications. 

I shall first provide some economic justifi- 
cations as to why such non-homothetic 


*Professor of economics, Brown University. I wish 
to acknowledge financial assistance from the National 
Science Foundation and the Guggenheim Founda- 
von. For helpful comments, thanks are due to the 
‘managing editor and an anonymous referee. 
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CES functions may be useful in production 
analysis.! Consider a typical estimation 
problem of production functions under the 
competitive markets and the homogeneity 
or homotheticity assumptions. If the under- 
lying production function is of the CES 
type together with the assumption of Hick- 
sian neutral technical progress, then the 
marginal rate of substitution between the 
two factors, capital and labor, w, and the 
capital-labor ratio, k = K/L, are related ac- 
cording to the equation, 


(1) logk = loga + clogw, o = constant 


where o is the elasticity of substitution. Be- 
cause of the homotheticity assumption, the 
capital-labor ratio is independent of the level 
of output and of the neutral type of tech- 
nical progress. It simply depends on the 
marginal rate of substitution, or alterna- 
tively on the relative factor prices. Em- 
pirical data (time-series in particular), how- 
ever, suggest that the factor ratio varies 
even at a constant price ratio. 

The well-known technique to deal with 
this kind of situation is the introduction of 
biased technical progress, specifically the 
so-called factor-augmenting technical prog- 
ress (for example see the author, 1970). 
But this device is often of no use due to the 
impossibility (theorem) of identification of 
the bias and of the substitution effect. This 
problem can be resolved if we relax the 
homogeneity or homotheticity assumption 
(hereafter referred to only as “homothetic- 
ity” assumption), so that the level of output 
and the degree of technical progress will ex- 
plicitly have effects on factor combinations. 
The empirically convenient form for the 
marginal rate of substitution/capital-labor 
ratio relationship (MRS-K/L relationship) 
is thus: 


lJustifications for demand analysis are given in the 
papers by Paul Samuelson and the author (1976). 
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(2) logk = loga + clogw + blog Y 
+ clog Tit) 


where F is the level of output and T(t), the 
index of technical progress. The underlying 
production “unction which is consistent 
with the above relationship is, in fact, the 
non-homothetic class of CES functions, the 
properties of which we propose to interpret. 


I. Properties of the Non-Homothetic Family 
of CES Functions 


I shall begin by first presenting the gen- 
eral expression for the non-homothetic fam- 
ily of CES functions? (hereafter referred to 
as NH-CES as opposed to H-CES, homo- 
thetic CES): 


(3) (i) F(K, L,Y) = C\(Y)kK~ 
LOL e10, 


for o =| 


(ii) F(K, L, Y) = C, (Y) log K 
++ C,(Y) log L — |= 0, 


for o =| 


where p = (1 — o)/oando = the elasticity 
of substitution. Sometimes it is convenient 
to write (3) as 


(3') (@) F(K,L,Y) = K+ C(Y)L” 


— H(Y)=0, o#1 
(ii) F(E, L, Y) = log K + C(Y)log L 
— H(Y) =0, c= 1 


Rather than presenting two expressions, 
one for e = l and one for e = 1, it is much 
neater and more compact to write the gen- 
eral family of NH-CES production func- 
tions as 


(37) X, + C(Y)X, = H(Y) 


where X; = K” and X, = L fore = lar 
X, = log K and X, = log L for o = 1, and 
both C(Y) and H( Y) are monotone func- 
tions of Y. 


2For the derivation, readers are referred to the 
articles by the author (1974, 1975a), especially equa- 
tion (4) or (4a) of the 1975a article. 
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A. NH-CES and NH-Cobb-Douglas 


Although equation (3-i) contains all o 
the CES functions, including the Cobb- 
Douglas function as limiting cases, it would 
perhaps facilitate understanding if this new 
family of CES functions were er 
with the ordinary (or homothetic) CES and 
Cobb-Douglas production functions. Thus, 
equation (3-i) is the non-homothetic family 
of CES functions, as contrasted with the 
ordinary CES functions; while equation 
(3-ii) is the non-homothetic counterpart of 
the Cobb-Douglas family. Let us refer td 
(3-i) as NH-CES and to (3-11) as the Non- 
Homothetic Cobb-Douglas or NH-CD for 
short. 


B. Properties of NH-CES and NH-CD 


There are a number of specific properties 
that are unique to the non-homothetic pro- 
duction functions: 


l. The Marginal Rate of Substitution and 
the Non-Homotheticity Parameter 


The most distinctive property of NH- 
CES and NH-CD is, of course, that the pro- 
duction function is non-homothetic and is 
characterized by variable marginal rate of 
substitution, even at a constant factor ratio. 
That is to say, unlike the cases of the 
H-CES and the CD functions, the expan- 
sion path of the isoquant map of NH-CES 
and NA-CD production functions is not a 
straight line, but varies depending upon the 
level of output. This is due to the fact tha 
the marginal rate of substitution now de- 
pends not only on the factor ratio k, but 
also on the output level Y for any given 
value of the elasticity of factor substitu- 
tion g, i.e., 


(4) w = ” G” C(Y) = k'e C(Y) 


L 
4 


E 


= e 


where ð Y/ðL = marginal product of L - 


w 


_ 
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; ___ pL-+AC(¥) A 
CL” — H (Y)? 


and@Y/dK = marginal product of K 


pK C+ 
~ CHY)L- — H' (YF) 


The typical isoquant map of a NH-CES or 
NH-CD production function is depicted in 
Figure 1. The expansion path AB in Fig- 
ure l is not a straight line, but bends back- 
ward or forward depending upon the elas- 
ticity of factor substitution. Also, unlike the 
_H-CES, the NH-CES (also NH-CD) func- 
‘tions have lower and upper limits for the 
effective Values of K and L, as is evident in 
Figure 1. 

The non-homothetic aspect of the pro- 
duction function may be best characterized 
by the. existence of the non-homotheticity 
coefficient (or parameter) for the marginal 
rate of substitution. The derivative of C(Y) 
in the production function (3’’) and also in 
the marginal rate of substitution function, 
with respect to Y, i.e., dC/dY, may be 
called the non-homotheticity coefficient. If 
rthe behavior of the coefficient may be ap- 
' proximated by a parameter, the unique 
properties of the isoquant map and of the 
marginal rate of substitution is summarized 
by the non-homotheticity parameter. Thus, 
obviously, in the cases of the NH-CES and 
the NH-CD production functions, the 
parameter is not zero, i.e., dC/dY = Q, 
while in the ordinary CES and CD func- 
tions, it is identically equal to zero, dC/ 


> 0 


e e e e o o e a e amie ie e e e d a s ee — 


Po en aa ee 


Q 


Keure 1. Isoquant Map or NH-CES or NH-CD 


Á 
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dY = 0. Hence, the general class of CES 
production functions contain a non-homo- 
theticity parameter in addition to the usual 
distribution, substitution, and efficiency 
parameters. The ordinary CES family is a 
special case of this general class when the 
non-homotheticity parameter ceases to 
exist. 

The non-homotheticity assumption pre- 
sents no additional problem regarding the 
convexity of isoquants. The marginal rate 
of substitution will be diminishing as long 
asp > —1 for any positive marginal rate of 
substitution, as we have dw/d(L/K) = 
—(1 + p)w(K/L) <0 for « > p > —1 and 
w > 0. 


2. Substitution and Non-Homotheticity 
Parameters and Income Distributions 


The second significant characteristic of 
the general family of non-homothetic CES 
and CD production functions is that, unlike 
the ordinary CES functions, the behavior of 
the distribution of factor incomes depends not 
only on the substitution parameter but also 
on the non-homotheticity parameter. It 
should be noted that in the case of non- 
homothetic functions, the sum of factor in- 
come shares will not add up to the total out- 
put, or the absorption theorem does not 
hold, because of the very nature of the non- 
homotheticity or non-homogeneity assump- 
tion. Thus, the behavior of each factor’s in- 
come share is not directly related with the 


‘factor ratio nor with the substitution elas- 


ticity. However, if the movements of in- 
come distributions are expressed in the 
form of an income shares ratio, then the fac- 
tor ratio and the substitution elasticity play 
important determining roles. For the non- 
homothetic CES case, the ratio of labor’s 
income to capital’s income from (4) is equal 
to 





ay, 
6 Bee ae Ce) 
a oY k 
OK 


where a and 8 are incomes of capital and 
labor, respectively, under competition. 
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Differentiating (5) partially with respect 
to k and Y, one obtains 


(6a) ACRE (= ~ i) - C(Y¥) 
6) ED L get. CY) 


Thus, it may be stated that, as long as the 
substitution elasticity is greater (less) than 
unity, capital's income relative to labor's in- 
come rises { falls} when the capital-labor ratio 
increases and that, as long as the non- 
homotheticity coefficient is positive (nega- 
tive), labor's income relative to capital's in- 
come rises (falls) whenever output increases. 
Hence, in the non-homothetic Cobb-Doug- 
las family, even though the elasticity of 
substitution is unitary, the relative income 
distribution varies depending upon the non- 
homotheticity coefficient (parameter). This 
behavior of relative income shares is in 
sharp contrast to the behavior under the 
usual Cobb-Douglas function. 


3. Different Types of NH-CES and NH-CD 


Another characteristic of the non-homo- 
thetic family of CES and CD functions is 
that there are an infinite number of different 
types of NH-CES and NH-CD functions, 
while there is the only one type of homo- 
thetic functions. This is because in (3”} 
the function C(Y) can be any arbitrary 
function of Y, with the exception, of course. 
that C(Y) must be chosen in such a way 
that Y satisfies the usual properties of a pro- 
duction function. On the other hand, when 
C is constant, we get the only case of homo- 
thetic CES (or CD) functions: if C is 
constant, (3”) is simply equal to H(Y) = 
X, + CX, or Y = G{axX, + bX,], G’ > 0, 
which is the homothetic CES (or CD) 
family. 

As C’(Y) and also H(Y) are essentially ar- 
bitrary functions on an a priori basis, the 
non-homothetic family of production func- 
tions may in general be expressed only as 
implicit formulations. That is to say, unless 
it can be determined that C(Y) and A(Y) 
are related in some particular manner, Y 
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cannot be explicitly expressed as a function 
of K and L. Of course, this presents no: 
insurmountable difficulty from the point of 
view of both theoretical and empirical pro- 
duction analyses. In Section II we shall 
study several special types of non-homo- 
thetic CES and CD functions, some of 
which are quite useful for empirical analysis 
and yield explicit formulations. Inci- 
dentally, the relationship defined by (3”) 
may always be looked at as an explicit 
formulation of the capital (or labor) re- 
quirement function, i.e., 4 


i 


= H(Y) — C(¥)X2 = R (Y, X2) 


or 


Xx, = ate (H(Y) — 


X) = R2(¥, X;) 

It defines explicitly the amount of capital 
(or labor) required to produce a given level 
of output in cooperation with a given 
amount of labor (or capital). For any given | 
amount of the other factor input, the re- 
quirement function R; (i = 1,2) must be any 
increasing function of Y: ôR;/ðY > 0. a 
thermore, the marginal requirement dR,/dY 
must also be increasing. due to the law of | | 
diminishing marginal productivity, i.e., 

8 R;/3 Y? > 0. 


4. Classifications 


The family of NH-CES and NH-CD pro- 
duction functions may be classified in a 
number of different ways depending upon 
the specific purposes in mind. For ete, 
it may be classified into the separable vs. 
nonseparable types (see the. author, 1974) 
or into the explicit vs. implicit types (the 
author, 1975a). It is well known that the 
ordinary CES (or CD) type belongs to the 
explicit and separable class of CES func- 
tions. 

It has been shown (the author, 1974) that 
the separable type of NH-CES (or CD) can 
always be written as 


| i 
Š BX, + 0 Roc 
n = F(a + a) La 
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where X, and X, are the values defined in 
3”). An example of nonseparable but ex- 
licit types of NH-CES (or CD) functions 
ay be given as: 


-X + VX? + 4X, 


(8) Y=F 
(8) 7X, 





where X, and X, are again the values de- 
fined in (3”). 

; Another useful way of classifying the 
family of NH-CES (or CD) is to consider 
the form of the marginal rate of substitution 
qunction. As equation (4) shows, the form 
of w completely depends on the form of C(Y). 
We may call the class of CES (or CD) func- 
tions which have the same form of the mar- 
ginal rate of substitution (MRS) function, 
as the iso-MRS family of CES (or CD) 
functions. Thus, for instance, if C(Y) = 
Y?, the CES (or CD) production functions 
which have the same form of the marginal 
rate of substitution w = k!” Y*, belong to 
the iso-MRS family of the constant non- 
homotheticity parameter, 1.€., 


9 X, + Y°X, = H(Y) 


It should be noted, however, that the same 
form of the marginal rate of substitution 
does not imply the same form of CES (or 
CD) functions, except in the case of homo- 
thetic CES (or CD) functions. The form of 





the NH-CES (or CD) functions is deter- _ 


mined not only by the marginal rate of 
substitution, i.e., by C(Y), but also by the 
form of H(Y). If, for instance, H(Y) = 
aY? + b, then Y has the form 


p Y£ (2 = A 
d — Xa 


which is the same form as (7), the separable 
type. On the other hand, if H(Y) = 1/Y°, 
then Y has the form 


Y “(= Æ+ x -4 a 
= nk; 





X2 
which corresponds to (8), the nonseparable 
type. Consequently, as the forms of (7) and 
(8) are different, the examples demonstrate 
that different types of NH-CES may have 
tiesame form of the marginal rate of sub- 


A 


re 
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stitution function. For the homothetic CES 
(or CD) functions C(Y) is constant and 
thus, the form of the functions is uniquely 
determined by AH(Y): Both the marginal 
rate of substitution and the production 
function have the same form, except, of 
course, for the degree of homotheticity. 
Finally, the most precise way of classify- 
ing the family of NH-CES (or CD) func- 
tions is based on the classification of the dif- 
ferential equation of the second-order 
stating the constancy of the elasticity of 
substitution. Since it is not the purpose of 
this article to present a formal and technical 
analysis, I shall simply summarize the re- 
sults I obtained elsewhere (1975b,c). The 
differential equation which defines the con- 
stancy of the elasticity of substitution and, 
therefore, which provides the sole basis for 
the whole family of NH-CES (or CD) pro- 
duction functions, may be written as 


(0) okL ZE + ab (u - x) ~ 0 
dK 


= constant +o >g >Q 


It is shown that the above differential equa- 
tion is invariant under the so-called general 
“projective group” of transformations and 
that the family of the functions (CES or 
CD) generated from (10) belongs to the 
class of “(general) projective homothetic’”’ 
production functions, of which the ordinary 
homothetic CES class is a special case.’ 
Thus, the whole family of NH-CES (or 
CD) may be classified according to the 
classification of the projective homothetic 
functions. As this requires a rather ad- 
vanced knowledge of the group theory of 
continuous transformations, we shall not 
involve ourselves with this technical discus- 
sion, but simply take up the special case of 
the so-called “almost homothetic”’ class in 
the next section. 


3By defining K’? = u and L’? = y (or log K=u 
and log L ma for g= |}, equation (10) can be re- 
written as d°v/du" = 0. Thus, the differential equation 
is invariant under the “general projective group” 
whose infinitesimal transformation is U = (e,K + 
eL + e3 — eK $ egKL) d/dK + (e4K + esL + 
e6 — e7KL — eL °) ðJðL. The interested reader 
should refer to the author (1975b,c). 
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Il. Special Types of NH-CES and 
CD Production Functions 


A. Almost-Homothetic CES 


“Let us first define the class of almost- 
homogeneous production functions. A pro- 
duction function is said to be “almost ho- 
mogeneous” if output rises by y percent 
whenever capital and labor increase by Yı 
and yı percent, respectively,’ i.e., 


(11) Y = f(W%K,A7L) = Nf(K,L) 
forà > 9 


It is shown (see the author, 1975b) that the 
function is almost homogeneous if and only 
if: 

(11') VY KYNO(LY2/KVN) 


= pmp ( pim / L2) 


Obviously if yı = y2, the above definition 
reduces to the standard homogeneity con- 
dition. 

The almost homothetic production func- 
tion is defined as any monotone increasing 
function of the “almost-homogencous” 
production function, i.e., 


(12) Y = F[f(A%K, X?L)] 
= F[N’f(K,L)], F'>0 


The isoquant map of an almost-homoge- 
neous preduction function is identical with 
the isoquant map of any production func- 
tion of the almost-homothetic type, except 
for the labeling of isoquants. Like the 
isoquant map of the “homothetic” produc- 
tion function, the isoquant of the ‘‘almost- 
homothetic’? production function yields 
some unique properties. It is well known 
that the isoquant map of the homothetic 
production function measured in terms of 
K and L has straight-line expansion paths. 
It can be shown that the isoquant map of 
the almost-homothetic production function 
measured in terms of log K and log L rather 
than K and L has straight-line expansion 


4The reader is asked to refer to the author (1975b) 
for further investigations of this useful type of pro- 
duction function, in particular in its relation to 
“neutral” technical progress. 
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log L. 









iso~shore curve 


output 2 


output | 
log K 


Share Ratio 


FIGURE 2. ISOQUANT MAPS OF AN “ALMOST- | 
HOMOTHETIC” PRODUCTION FUNCTION i 


é 


paths (see Figure 2). In Figure 2 the axes 
are measured in terms of log K and log L 
and the slope of an isoquant is then nothing | 
but the ratio of distributive shares of capital | 
and labor. The marginal rate of substitution 

of any almost-homothetic production func- 

tion is expressed as 3 


(13) - = = A m Kn- TL 2K) 
L 


and the share ratio under competition is 





(14) 


_ Shareof K  pọg0/rDlogL-N/y,)logK 
~ share of L Rip ) l 
If capital and labor grow exponentially Pe 
the rates of y, and Yy, percent, i.e., K = 
Koet and L = Loe”, then the share: ratio 

R becomes constant. For different levels of 
output the share ratio remains unchanged 
(A = A’ in Figure 2) as long as K and L 
change exponentially at the rates of y, and 
yı percent, respectively. Hence, the iso- 
share curves of an almost-homothetic produc- 
tion function expressed in terms of the iso- 
quant map of log K and log L are straini a 
lines, their slopes being all equal to y2/ vj 

A special type of the usual homothetic orem 


> i 
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duction function has the isoshare curves 
whose slopes are all equal to unity, y2/ 
yzl. 

Having made these observations, we can 
now derive the almost-homogeneous and 
the more general almost-homothetic class 
of CES production functions. The almost- 
homogeneous type of CES production 
functions has the form 


(15) BYUK? + QYPL” =| 
or 

(15) K 4 Bz yr2- 71 LP = 1 yı 
= By ! 


It is easily shown that the production func- 
tion defined by (15) satisfies the condition 
of almost-homogeneity, for we have, 


BN YANK)? + BOA YPALLY” 

= BY NK? + BYPL?” = | = constant 
or Y = f[AK)y’, (A7?L)~?] 

= SIK”, L”) 

Thus, when capital and labor increase at 
the percentage rates of y, and y», respec- 
tively, output will increase at the rate of p 
percent. 

The “almost”-homothetic family of CES 


functions is any monotone transformation 
of (15). Thus, in general, we must have 


(16) BIGO) K? + BIG(Y) PL” = 1 


where G(Y) is a monotone function of Y. 


Solving for G(Y) from (16), we have 
G(Y) = Sibi KY’, BL, Yis Ya] 
or 


“Y = FLS(Bi KYL yy) E= G 


The above must satisfy the condition of al- 
most-homotheticity defined by (12). 

As stated in the previous section, the 
almost-homothetic family of CES functions 
is a typical example of the general .“‘projec- 
tive” homothetic class of functions. Equa- 
tion (16) is the invariant family of CES 
functions, in which every transformation of 
the “magnification group” transforms each 
Ne into some curve of the family. Thus, 
@vhe technical progress function is factor- 


È 
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augmenting, i.e., K = eK, L = e®'L, then 
there always exists one curve which trans- 
forms the production function into some 
other function with increasing returns to 
scale,’ i.e., 


fBK”, BL”, Yı Y2) 
E FIS EK’, BL”, Yi Y2) E” >0 


`B. Separable Family of CES 


Another case of special interest is the 
separable family of CES production func- 
tions. In my earlier paper (1974), this type 
is shown to be generally expressed as 


(17a) Y = Groce) foro <1 


BaL + A, 
(17b) Y= ea Eaa al 
B2log L + 6, 
. fora = | 
0; = (œ — Bip — B; 


and Ôi = Bi — Q (i = 1,2) 


The parameters in the above formulation 
may be called: 


bi = (1 + fr) = 6 
= the distribution parameter 
l/a = y = the non-homotheticity 
, parameter 
p = (l — o)/o = the substitution 
' parameter. 


It can easily be shown that when the non- 
homotheticity parameter ceases to exist 
(y — 0), (17a) will reduce to the ordinary 
CES type expressed by Y = F[6,K~? + 
BL], and that when the substitution 
parameter approaches zero, (17a) will re- 
duce to the class of NH-Cobb-Douglas 
functions defined by (17b). 

Furthermore, in equation (17b), when the 
non-homotheticity parameter converges to 
zero, the production function will approach 
to the homothetic family of the ordinary 
Cobb-Douglas functions. 


5See the author (1975b) for a detailed discussion of 
group transformation. 
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C. Isc-MRS CES Family of the Constant 
Non-Fomotheticity Parameter 


Finally we present the most general type 
of the special classes of CES functions, 
which will, therefore, include all the special 
classes thus far discussed. The classes of 
almost-homogeneous CES and separable 
CES functions will belong to 


(18) K” + BY°L” = H(Y) 


where ô = the non-homotheticity (constant) 
parameter. Obviously, when H(Y) takes the 
form (1/8,)¥~“!, equation (18) will reduce 
to the almost-homogeneous family, and 
when H(Y) is equal to aY* + b, then (18) 
will reduce to the separable family, for in 
this case we will have 


b— Kk? 
BL” -a 


One advantage of the above formulation 
is that the marginal rate of substitution may 
be expressed in a form for which ordinary 
econometric techniques can be utilized to 
estimate the paremeters of the CES family. 
As a matter of fact, equation (2) at the 
beginning of this paper, neglecting the tech- 
nical progress term, 1s nothing but the equa- 
tion resulting from the marginal rate of 
substitution of the production function de- 
fined by (18), as the marginal rate of sub- 
stitution is equal to w = Bk'/’ Y° and log k 
is equal to 


. logk = 


We shall complete this section by briefly 
touching on the straightforward generaliza- 
tion of the NH-CES production functions 
to the n-factors case. It is generally ex- 
pressed as 


Y? 


—oiog3 + clogw — ablog Y 


(19) 2 CA(Y)X; = 1 
where X; = x” for s = l or X; = log x; for 
o=1(=1,...,n)and C;(Y) are all mono- 


tone functions of Y. The almost-homo- 
geneous family is, thus, equal to 


(20) D>, 8 YUxz? = 1 


i=l 


„to the non-homothetic block (i,j = 
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and the separable family is 
k 


> Bix” + 0 


(21) Y = = 
2, Bix” + b 


joke! 

It is, of course, possible to have what may 
be called “block” homothetic or “‘block” 
non-homothetic CES functions depending 
upon the specific forms of C;(Y). For in- 
stance, if 0C;/aY = 0 for i = 1,...,& and 
0C;/0Y «= 0 fori =k + 1,...,n, we will 
then have a k-block homothetic and (n — k) 
block non-homothetic CES function, 


(22) Xi tere t+ Xe + Cea XE 
+e + C,X, = 1 


In the above formulation the marginal rates 
of substitution between x; and x; are in- 
dependent of the level of output whenever 
x; and K belong to the homothetic block 
(i,j = , k), but they are dependent on 
the aes level whenever x; and x, belong 
k +1, 

4 


cng) 
III. Empirical Applications 


An attempt was made to estimate the 
coefficients of the marginal rate of substi- 
tution function underlying the class of 
NH-CES production functions. In partic- 
ular, equation (2) was used to estimate the 
iso-MRS family of CES functions with a 
constant non-homotheticity parameter. The 
primary objective of the empirical study 
was to determine whether or not the non- 
homothetic CES production function is 
more realistic than the ordinary CES func- 
tion. The log-linear least squares estimation 
technique was applied to time-series data 
(1949-65) for two-digit U.S. manufacturing 
industries.° 

Three models were tested: In Model I the 
underlying production function is of the 
ordinary CES (H-CES) type with Hicks- 
neutral technical progress; Model II as- 


6Sources: Internal Revenue Service, U.S. Bureau 
the Census, and U.S. Office of Business JS. Burong 


> 
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sumes the H-CES function with factor- 

tugmenting technical progress; and in 
odel III the production function is of the 

so-MRS non-homothetic CES type with 
constant non-homotheticity parameter. 
he technical progress function in Model 
H is either the Hicks neutral or the factor- 
ugmenting type. The estimated marginal 
ate of substitution function for each model 

and the underlying production functions 

are: 

| 

| Model I: 

Production Function 


© Y = AO [BL + (1 - BK] 
Estimated Equation 

| 

em logk = a, + a,logw+u 


| Model IT: 
Production Function 


Y = A(O)e“ [BL + (1 — B)K™*]° 
L = A, (Oe L 
K = A: (eK 

Estimated Equation 

(24) logk =a, + a logw + ast + u 


Model III: 
Production Function 


Ke 4 E 5 Ae" YE 
= H(A(O)e“Y) 
L= AO)e" L 
a K= A,(0)eK 
Estimated Equation 


(25) logk = a, + alog w 


+ az;log Y + agt + u 


In these estimated equations,’ the coeffi- 
cients are equal to: 


7[n the case of Model III, one is aware, of course, 
of the multicollinearity between Y and z. This makes it 
difficult to distinguish between Models H and III. Per- 
haps cross-section data should be utilized for identi- 
Sy the NH parameters. 


+ 
f 


A P 
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a, = log [(8/1 — BY” C] (the distribution 

parameter), where 
C = C[A (0), A; (0), A2(0)) 

@ =o (the elasticity of substitution) 

a; = ~—6/(1 + p) (the non-homotheticity 
parameter) 

a, = (& — & — deo) (technical progress 
parameters) 


The results of estimation are shown in 
Table 1. First, we compare Model I with 
Model III. (Model III can also represent 
the case of Hicks neutral with the non- 
homothetic CES.) In all cases, Model III 
(NH-CES) provides superior estimates to 
the ordinary CES assumption. This is not 
surprising, as the NH-CES case contains 
two additional variables Y and z. The fac- 
tor-augmenting hypothesis (Model II) rep- 
resents a major improvement over the 
H-CES case. However, it is very interesting 
that the NH-CES case with factor-augment- 
ing technical progress gives more meaningful 
estimates in terms of both T-values and R? 
for twelve (out of nineteen) industries. (The 
asterisk notation * is given to such indus- 
tries in Table 1.) Hence, for a majority of 
the industries, the non-homotheticity param- 
eter is not equal to zero. Non-homothetic 
CES functions prove to be a more realistic 
assumption than the ordinary CES case. 

The elasticity of substitution is, of course, 
not the same for all industries. However, in 
a majority of the industries studied, statis- 
tically significant values not too far from 
unity were obtained with the exception of 
autos where the elasticity is 12.20 and the 
T-value of 2.28. In the twelve industries 
where the non-homothetic CES functions 
give superior fits, the elasticity of substitu- 
tion tends to be smaller than that of the 
homothetic case. For instance, in tobacco, 
the elasticity of substitution is 1.13 with the 
non-homothetic parameter and is 2.07 with- 
out it. The tendency of the elasticity of sub- 
stitution to decline when eliminated from 
the non-homothetic function can be at- 
tributed to decomposition into a “pure” 
substitution effect and an ‘expansion ef- 
fect.” 

Although all of the essential parameters 


TABLE [—COMPARISON BETWEEN H-CES AND NH-CES PRODUCTION FUNCTIONS 


Industry 


21: Tobacco 
22: Textile 
23: Apparel 
24: Lumber 
25: Furniture _ 
26: Paper 
and Pulp 
27: Printing 
28: Chemicals 
29: Petroleum 
30: Rubber and 
Plastics 
31: Leather 
32: Stone, 


Clay, Glass 


33: Primary 
Metal 


34: Fabricated 
Metal 

35: Machinery 

36: Electrical 

37: Autos 


38: Instruments 


39: Miscellaneous 


Model 


Distri- 


‘bution 
Parameter 


Substitution 
Parameter 


a,3=o0 T-value 


2.07 
1.24 
1.13 
0.487 
0.768 


7.228 
14.32 


26.23 


2.833 
7.213 
6.699 
2.671 
9.644 
10.912 


Non-Homo- 
theticity 
Parameter 

a4 T-value 

1.002 | ~5.761 
—0.376 —1.686 
~—0.621 —0.296 
-0.339  — 1.430 

2.96 0.807 
—0.512 —2.161 
—0.974 ~3.087 
—0.642 —1.497 
—1.348 —6.871 
—0.725  —4.548 
—0.754  —7.21] 
—0.369 —1.764 
—0.456 ~—1.87 
—1.031 -1.932 
—0.397 —2.08 
ee 12 —2,13 
—1.005 —~13.655 
—0.739 —3.802 

0.374 2.553 

568 


Technical Progress 


Parameter 
a4 T-value 
—0.0245 —7.043 
0.0124 1.855 
— 4.833 — 1.568 
—0.0411  —7.948 
—0.034  —16.126 
—0.001 —0.817 
—0.035 —5.956 
—0.026 —3.111 
0.002 0.0457 
—0.093 —0.747 
—0.028 —3.712 
—0.001 —0.099 
—0,021 —8.96 
0.021 1.55 
—0.005 —0.871 
- 0.038 1.303 
— 0.048 —2.34 
—0.011 — 1.007 
—0.014 — 1.653 
0.041 3.094 
—0.03 —7,39 
—0.014 —4.75 
—0.023 —3.042 
—0.001 —0.095 
—0.03 — 3.533 
— 0.004 —0.256 
—0.03 —6.01 
0.033 0.995 . 
—0.014 — 1.765 
0.005 0.474 
— 0.008 —1.113 
0.063 1.865 
—0.006 —0.459 
0.052 9.543 
—0.02 —2.285 
0.031 2.079 
— 0.030 —4.012 
—0.06 —4,50 


F-value 


52.24 
135.6 
309.3 

8.024 

1.924 
146.08 

7.132 
195.18 
163.26 

25.10 

59.14 

43.05 

0.0! 

0.006 

0.221 
99.55 


0.559 
0.37 
65.67 
1.463 
3.549 
9.458 
20.61 
28.72 
28.87 


R? 


0.7769 
0.9509 
0.9862 
0.3485 
0.9649 
0.9712 
0.3222 
0.9654 


0.71 
0.036 
0.050 
0.938 
0.088 
0.336 
0.686 
0.574 


0/038 - 
ee 
b ` 


>» 
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of the non-homothetic CES function are 

stimated, there is still a specification prob- 
lem regarding the A(Y) function. This 
function may be ascertained from a second 
step of estimation. The left-hand side of the 
equation 


IK? + 5 (A(O)e" YPE” 
-= H(A(0)e"Y) 


can be computed from the estimated values 
of the parameters for given values of Y(t), 
K(r), and L(t). Using again the left-hand 
side H may be estimated as some function 
of A(O)e“Y. For instance, it may take a 
linear or a log-linear form. Only after H is 
known, can the specific type of NH-CES 
functions be identified (such as separable or 
lalmost-homothetic, etc.). While this second 
‘step estimation has not been done for the 
purpose of this paper, it is of no conse- 
quence for two reasons. First, the estima- 
tion method outlined is ad hoc and there is 
no econometric method available that 
would guarantee the desirable estimation 
Presults. Second, and more importantly, the 
purpose of this paper is not to identify 
specific forms of NH-CES functions, but to 
compare the classes of CES, homothetic 
and non-homothetic (in whatever form) 
production functions, and to present pre- 
liminary empirical results which suggest 
that one class (VH-CES) is more realistic 
and meaningful than the other (H-CES). 
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Who Benefits from Economic Development ?— , 


A Reexamination of Brazilian Growth 
in the 1960’s 


By Gary S. FIELDs* 


One of the most interesting and contro- 
versial cases of recent economic develop- 
ment is that of Brazil. Over the decade of 
the 1960’s, Brazil achieved a substantial rate 
of growth by the standards of less devel- 
oped countries (LDC). For the latter years 
of the 1960’s and the first part of the 1970's, 
growth rates approached 10 percent per 
annum. On this basis, the Brazilian case 
was widely heralded as an “economic 
miracle.” 

More recently, however, two challenges 
have arisen. One group of analysts has 
looked with disfavor upon social policies 
which prevailed over the period, particu- 
larly following the rise to power in 1964 of 
the military government. A second group 
examined the distributional question of 
who received the benefits of this growth, 
found greater income inequality according 
to conventional measures, and concluded 
that the poor benefited very little if at all. 
These observations have caused many stu- 
dents of development to ask whether the 
high rate of aggregate growth in Brazil was 
worth the apparent social and distributional 
costs. The consequent debate, involving 
Albert Fishlow (1972, 1973a,b), Carlos 
Langoni (1972, 1975a,b), and Celso Furtado, 
among others, has been intense and often 
acrimonicus, resulting in widespread dis- 
agreement about the desirability of taking 
Brazilian econcmic and social policies as a 


*Associate professor of economics, Yale University. 
An earlier draft of this paper was written while I was 
a visiting professor at the Centro de Estudios sobre 
Desarrollo Econémico, Universidad de Los Andes, 
Bogota, Colombia. Partial support for this research 
was received from the International Bank for Recon- 
struction and Development under RPO/284. How- 
ever, the views expressed do not necessarily reflect 
those of IBRD. I wish to thank the above institutions 
without implicating them. 


model for other developing countries to 
follow. 

The purpose of this paper is to reexamine 
one of these two challenges, namely, the 
distributional impact of Brazilian economic 
growth during the 1960’s. My results lead 
to a quite different interpretation from 
the conventional one. I will show that the 
poor in Brazil did participate in the rapid 
economic growth of the decade. Estimates 
presented below indicate that average real 
incomes among families defined as poor by 
Brazilian standards increased by as much as 
60 percent while the comparable figure for 
nonpoor families is around 25 percent. 
However, since nonpoor families receive in- 
comes which are much greater than those of 
poor families, the bulk of the growth of nas 
tional income over the decade was received 
by families whose incomes placed them 
above the official poverty standard. Thus, it 
would be incorrect to say either that 1) in 
achieving a high rate of economic growth in 
















‘Brazil the rich got absolutely richer while 
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the poor got absolutely poorer, or 2) the in- 
comes of poor families increased more 
slowly (percentagewise) than those of non- 
poor families. These and other findings are 
presented below in Section II, and some of 
the reasons for the observed changes are 
discussed in Section III. 

In assessing the distributional conse- 
quences of Brazilian economic growth, this 
study explicitly adopts an absolute poverty 
approach. In so doing, it is at odds with the 
bulk of the economic development litera- 
ture, which while urging a poverty focus, 
has long relied on measures of relative in- 
come inequality and Lorenz curves. Thus, 
this paper does not merely offer “Sone more 
measure”; it is, rather, the use of a different 
type of measure that causes the diver AM 


N 


> 
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TABLE I—BRAZILIAN SIZE DISTRIBUTION OF INCOME AND 
> . ECONOMICALLY ACTIVE POPULATION, 1960 AND 1970 


A. Variable Income Brackets 





Monthly Income in Percentage 


| 1960 NCr$° of Population of Income 
| None 14.7 0.0 
| 0-2.1 22.3 5.2 
2.1-3.3 14.4 7.0 
3.3-4.5 10.5 7.4 
4.5-6.0 13.1 12.3 
6.0-10.0 . 13.8 20.0 
' 10.0-20.0 8.2 22.2 
20.0-50.0 . 2.6 16.4 
k Over 50.0 0.5 9.4 
i7 Mean (Current NCr$) 5.52 
Mean (1960 U.S. $ per year) 513 
| Gini Coefficient 0.59 


B. Comparable Income Brackets” 


Monthly Income in 


1960 NCr$° 1960 

None 14.7 

0-2.1 22.3 

2.1-3.3 14.4 

3.3-4.5 10.5 

4.5-6.0 13.1 

p 6.0-10.0 13.8 
10.0-20.0 8.2 

20.0-50.0 2.6 

i Over 50.0 0.5 





4Calculated from data in Panel A. 
| >Approximations. 
cNCr$ (thousands). 


B 

results. The paper concludes in Section IV 

. by reviewing the principal findings and ex- 
loring some further questions of more gen- 


“eral applicability raised by the Brazilian 
debate. ) 


I. Basic Results and the Customary Interpretation 


The best known study of economic 
growth and changes in the size distribution 
of income in Brazil over the decade of the 
1960’s is that of Fishlow (1972). The basic 
data are reported in Panel A of Table 1. 
ooking first at the level of income, the 

Qan income among the economically ac- 


Pa 


A 


Percentage 


Percentage of Population 


Source: Panel A, Albert Fishlow (1972), Tables | and 5. 


Monthly Income in Percentage Percentage 


1970 NCr$° of Population of Income 
None 11.7 0.0 
1-100 31.70 8.0 
101-150 12.8 6.2 
151-200 15.6 10.6 
201-250 4.5 3.9 
251-500 14.6 21.2 
501-1000 5.9 17.1 
1001-2000 2.2 13.0 
2001 and over 1.0 20.1 
Mean (Current NCr$) 258.1 
Mean (1960 U.S. $ per year) 679 
Gini Coefficient 0.63 


Cumulative Percentage of 


Population 
1970° 1960 1970° 
i7 14.7 11.7 
23.8 37.0 35.5 
12.2 51.4 47.7 
11.0 61.9 58.6 
14.5 75.0 73.1 
9.4 88.8 82.5 
10.9 97.0 93.4 
5.0 99.6 98.4 
1.6 100.1 100.0 


tive population in constant U.S. dollars in- 
creased from $513 in 1969 to $679 in 1970, a 
real increase of 32 percent.' 

At first glance, however, the data on in- 
come distribution seem to tell another 
story. We see that the upper 3.2 percent of 
the economically active population received 
27 percent of the income in 1960; by 1970, 
their share had risen to more than 32 per- 
cent. In addition, the Gini coefficient rose 
from 0.59 to 0.63, seemingly implying a less 


IThis is the percentage increase of “uncorrected 
incomes” for the “total economically active popula- 
tion,” the only comparison possible with Fishlow’s 
data. 
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even income distribution. A second study of 
Brazilian growth over the same period, by 
Langoni (1972, 1975a), arrives at basically 
the same changes in the income distribu- 
tion.’ 

In research on the distributional con- 
sequences of economic development, virtu- 
ally all studies to date have maintained 
(usually implicitly) that changes in eco- 
nomic well-being are positively related to 
changes in the Zevel of national income and 
negatively related to changes in measured 
inequality in its distribution, using such 
measures as the Gini coefficient or the share 
of income accruing to the poorest 40 per- 
cent. In accozdance with this type of judg- 
ment, Fishlow’s interpretation of the rising 
Gini coefficient and income share of the 
very richest is the following: “The conclu- 
sion that inequality has increased over the 
course cf the decade accordingly seems cor- 
rect, if lamentable” (1972, p. 399). The 
qualitative result—of a “worsening” in- 
come distribution in Brazil—has been 
widely accepted.’ 

Contrary to the customary interpretation, 


2Using slightly different definitions than Fishlow 
and excluding tnremunerated workers and the un- 
employed, Langoni found a rise in the Gini co- 
efficient from 0.¢9 to 0.56, a falling share of national 
income received by each of the four lowest quintiles, 
and a rising share received by the richest 5 percent 
(from 27.9 to 34.9 percent of national income). 
Langoni’s exclusion of zero-income persons is pre- 
sumably the reason why his Gini coefficients are lower 
than Fishlow’s. For an English-language description 
detailing the characteristics of these and other income 
distribution sources, see Langoni (1975b). 

3See, for instance, the work of Irma Adelman and 
Cynthia Taft Morris, William Cline, and Adolfo 
Figueroa end Richard Weisskoff. 

4The Brazil debate has been conducted largely cn 
the basis of the undisputed rise in the Gini coefficient. 
However, it is well known that when Lorenz curves 
cross, as thev have been shown to do in Brazil, some 
indices of relative income inequality may indicate a 
more equal distr bution of income, while others may 
indicate the reverse. (For an empirical illustration of 
this point for three Latin American countries, see 
Weisskoff.) Possible ambiguities in Brazil were ap- 
parently put to rest by Langoni (1972, p. 15), who 
reported increases in the variance of logarithms and 
the Theil inequality index as well as the Gini co- 
efficient. More recently, though, Samuel Morley and 
Jeffrey Williamson reported that the relative inequal- 
ity measure proposed by A. B. Atkinson yields the 
opposite result.” 
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a reexamination of the Brazilian data from 
an absolute income perspective tells a differ- 
ent story. This is the subject of Section II. 


Il. A Reexamination 


nes o an 


A. The Distribution of the 
Benefits of Growth 


The fundamental question underlying the 
analysis of income distribution in economic 
development is this: who (as classified by 
income class or other economic or socio-. 
economic criterion) receives what share off 
the proceeds of economic growth? The ideal 
way to answer this question would be to! 
follow the same set of individuals over a 
period of time to see how their incomes 
change, and how these changes relate to 
their initial income position and other 
characteristics. The type of longitudinal 
(or panel) data needed to do this do not 
exist for Brazil. In their absence, we must 
rely on frequency distributions of the popu- 
lation by income class. 

To measure changing absolute incomes, 
the numbers presented in Table 1 do not 
quite suffice, because they have different in- 
come brackets in the two years.’ Lacking 
the raw data with which to make an exact | 
fit, it is necessary to take the income brack- 
ets for one year as a base and to approxi- 
mate the frequency from the other year in 
each category. The actual distribution for 
1960 and the approximate values for 1970 


are shown in Panel B of Table 2.67 


5This is also true for other sources of income dis- 
tribution statistics; see Langoni (1975b). 

6The procedure used to approximate the 1970 dis- 
tribution is the following. The mean incomes in 1960 
and 1970 were $513 and $679, respectively, both | 
measured in constant 1960 U.S. dollars. These same | 
means, expressed in current new cruzeiros (NCr$), 
were 5.52 and 258.1. Thus, the ratio of the real means 
was 1.32, and of the nominal means 46.76. The ratio 
of these, 35.32, is then an inflation factor which can 
be used to deflate the 1970 brackets. For example, the 
first positive income bracket in 1970 runs from 0 to 
2.8 constant NCr§$. Then applying a linear approxima- 
tion to the population frequency within each bracket, 
2.1/2.8 of the population in the 0-2.8 category was 
assigned to the 0-2.1 category, and the remaining 
0.7/2.8 was assigned to the next higher cateri- 
An analogous procedure was followed for the other | 
brackets. It would, of course, have been better to haye ! 
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The most striking feature of these data is 
that the cumulative percentage of popula- 
tion was lower in 1970 than in 1960 for 
every income bracket. This means, very 
simply, that the economic growth which 
took place over the decade reached persons 
at all income levels, and not just those at 
the top. 

It should be observed that these figures 
refer to percentage of the population. With 
a growing population, these data imply that 
the Brazillian economy was able to create 
opportunities for its economically active 
‘population to earn higher incomes at a 
faster rate than its labor force was ex- 
panding. l 

These findings clearly refute the notion 
that the rich got absolutely richer while the 
poor got absolutely poorer in Brazil during 
the 1960’s. 


B. Income Growth of the Poor and Nonpoor 


The analysis may be extended to compare 
the income growth of the poorest groups 


used the exact distribution of the economically active 
population across these income categories rather than 
this approximation; but owing to the lack of a public 
use sample for the microeconomic data, this was im- 
possible. 

One may ask whether the simplified linear interpola- 
tion introduces a bias into Panel B and subsequent 
calculations, and if so how great that bias is. The 
answer is that the income share of those in the 0-2.1 
income class is overstated by my assumptions, but 
under no possible alternative assumptions would any 
of the conclusions reached below, in particular, the 
conclusion about the relative rates of income growth 
” among the poor and nonpoor, be reversed qualita- 
tively. Details of these calculations may be found in 
the author (1976). 
| TA referee has noted that the data used in this 
| paper include zero-income persons. He argues that 

these were previously unpaid farm workers who were 

forced off the land during the 1960’s and took up wage 
employment. If this is correct, it raises the possibility 
that the income gains observed in the statistics are 
more apparent than real (due to the receipt of cash 
incomes, which are recorded, rather than incomes-in- 
kind, which were not). To resolve this doubt, he 
suggested excluding the zero-income labor force and 
freestimating income levels at the lower end of the 
L getribution. I performed these additional estimates 
ans found that the conclusions presented below are 
sustained. The calculations are available upon 


Keauest. 


FIELDS: BRAZILIAN GROWTH 573 


with that of all others. We may ask four 
related questions: 

1) Defining “the poor’ as those whose 
incomes were below a constant real poverty 
line, did the fraction of the economically 
active population classified as poor increase 
or decrease over the decade, i.e., was the in- 
cidence of poverty being reduced? 

2) What were the rates of increase of in- 
come among the poor and nonpoor, Le., 
were the remaining poor getting less poor, 
absolutely and relatively? 

3) How much of the economic growth 
over the decade went to the poor and how 
much to the nonpoor? 

4) Defining the “poverty gap’’ as the 
amount by which poor persons’ incomes 
would have to be raised to bring them all up 
to the poverty line, how much of the gap 
was filled during the decade? 

We must begin by establishing a poverty 
line. Something like 31 percent of Brazilian 
families were poor in 1960 by Brazilian defi- 
nitions.’ Since it is not possible to identify 
these families exactly, we may suppose that 
those persons in the two lowest income 
brackets (1.e., less than 2.1 NCr$ constant), 
which in 1960 comprised 37.0 percent of the 
population, were below the poverty line. 
From now on, we will refer to these persons 
with incomes below 2.1 as “the poor” and 
the rest of the population as “the nonpoor.” 

Considering first the question of chang- 
ing numbers of poor, we see from Panel B 
that there was a small decrease in the per- 
centage of the economically active popula- 
tion with incomes below the poverty line, 
from 37.0 to 35.5 percent. There was not a 
higher incidence of poverty in 1970 than in 


8The poverty line is defined according to Brazilian 
standards. Says Fishlow: “The real minimum wage 
for 1960 in the Northeast, the poorest region, is taken 
as the lower limit of acceptable income for a family of 
4.3 persons. For rural Brazil, the wage prevailing in 
the rural areas of the Northeast is taken; for the urban 
Northeast, the standard of medium sized municipio is 
applied; and for all other urban residents, the North- 
east level, incremented by 15 percent to allow for 
higher relative prices, is applied. The poverty line for 
different size families is defined with the aid of the 
elasticity of expenditure on food with respect to family 
size; because of economies of scale larger families 
need relatively less income, and conversely for 
smaller” (1972, pp. 393-94). 
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"TABLE 2—- ANALYSIS OF ECONOMIC GROWTH IN BRAZIL AND v 
THE UNITED STATES DURING THE 1960s 


Importance in the 
i Economic Growth of:* 
. Brazil U.S. 
Effect Definition of Effect 1960-70 1959-69 
a = Enlargement of the higher income sector 
= Change in thz number of persons in the 
high income sector, multiplied by the 
income differential between the high 
income and low income sectors in the 
base year; 
8 = Enrichment cf the high income sector 
= Change in income within the high _ 
income sector, multiplied by the number 
of persons in that sector in the base year; 
y = Interaction between enlargement and 
enrichment of the high income sector 
= Change ir income within the high 
income sector, multiplied by the change 
in the number of persons in that sector; 
6 = Enrichment of the low income sector 
= Change in income within the low income 
sector; multiplied by the number of 
persons in that sector in the terminal year; 
a + ô = Sum cf “poor” enlargement and 
enrichment effect 16 20 


100 


(FO ~ £yGO - Fe) 6 19 


(7p? — FO) 82 72 


Fr-IP MS -SP 2 8 


=70 


(FP — JES 10 l 


Total 





Sources: Brazil (see text); U.S.: Statistical Abstract of the United States 1971, Tables 485, 512, 513, 515, 517. 


Notes: f, = fraction of the population which was poor. 
f = fraction of the population which was nonpoor. 
¥, = average income of the poor population. 
j, = average income of the nonpoor population. 
Brazil United States 
1960 1970 1959 1969 
fp’ = 37.0% fp = 35.5% J? = 23.8% fp = 14.9% 
60 5 70 0 59 (33 69 o 
fa = 63.0% fa = 64.5% fa = 162% tn =851% 


Py = U.S.$2,423 


FF = U.S.$10,774 


Fp = NCr$0.€ 
yo = NCr$8.3 


yh = NCr$1.3 
Pn = NCr$10.6° 


Pp = U.S.$2,689 
JË = U.S$12,343 


4Shown in percent. 


1960, as might have been supposed from 
the rising inequality coefficients. Neither, 
though, was the incidence of poverty sub- 
stantially reduced. 

Next, let us ccmpare the rates of growth 
of incomes among the poor as opposed to 


whole or for the poor and nonpoor sub- 
populations, is equal to the mean income 


question. Letting F, and y, be the mean in- 
comes of the poor and nonpoor, respec- 
tively, and P be the population, we have, 


the nonpoor. To determine the average in- 
come in each group in each. year, we use the 
basic accounting identity that total income, 
in the economically active population as a 


for 1960, l 
(1) 37.0% PPPE + 63.0% P999 = 
P™ (3.52 


~ 


»> 


t 


i 
multiplied by the number of persons in 
| 
| 
| 










i 
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2) 37.0% peys = 5.2% P® (5.52) 
and for 1970, 
(3) 35.5% PPPI + 64.5% PPP? = 
P” (258.1/35.32) 
(4) 35.5% Pye = 
8.0% P” (2.1/2.8) (258.1/35.32) 


Equations (1) and (3) tell us simply that 
total income is equal to the sum of the in- 
comes of the poor and nonpoor. In equa- 
tions (2) and (4), the incomes of the poor 
are expressed first as their mean income 
multiplied by the number poor, and then as 
income in the economically active popula- 
tion multiplied by the income share of the 
poor. The numbers in parentheses are ex- 
plained in footnote 6. 

Solving, we find for the poor: 


















; 


(5) J9 = 08 yp = 13 
7p - 38 
= = 63% 
I ° 
and for the nonpoor: 
(6) JL = 8.3 y? = 10.6 
570 _ 7560 
Vn = Z 28% 
Yp 


From (5), we see that the poor became 
noticeably less poor; their incomes are esti- 
mated to have grown by 63 percent over the 
decade. Furthermore, comparing (5) and 
(6), the incomes of the poor appear to have 
grown at a rate more than double that of 
the nonpoor.’ This reinforces the earlier ob- 
servation that the rich in Brazil did not 
“benefit during the 1960’s at the expense of 

the poor. 
Is the 1970 distribution of incomes be- 


SThe specific figure is open to question for two 
offsetting reasons. On the one hand, income growth 
of the poorest 37.0 percent is understated, since some 
4 percent of the poor (1.5%/37.0%) received large 
enough income increases to raise them above the pov- 
erty line, and their incomes appear as nonpoor in- 


comes in the above calculations. On the other hand, 


the average income of the poor in 1970 (yp ) tends > 


fto be overstated, owing to the fact that although the 
-7 poorest of the poor received incomes below the aver- 
ras@for their income category, they were assigned the 


average value in the approximations of Table 1 and ° 


A 


NN 
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tween poor and nonpoor more or less equal 
than the 1960 distribution? The answer de- 
pends on how one defines “equal.” If ab- 
solute real income differentials are our 
standard, we observe 


(1) JL - FO =75 JP- FP = 9.3 


and see that the absolute gap widened by 
about 25 percent. However, this gap was a 
smaller percentage of per capita income in 
1970 than in 1960: 
Vi Up TS 
8 = — = 1.36 
8) 7” 5.52 
PL- IP 93 
yo 258.1 /35.32 


Furthermore, if we take relative income 
ratios as our standard for comparison, we 
find 


(9) a/p = 10.4 


= 1.27 


P/I = 8.2 


that is, a reduction of the ratio of nonpoor 
to poor incomes of about 20 percent. The 
interpretation of these figures is a matter of 
individual judgment. 

Now let us address the question of how 
much of the economic growth over the 
decade went to the poor and how much to 
the nonpoor. In my 1975 paper, I have de- 
vised a methodology for decomposing total 
economic growth into four effects pertain- 
ing to the enlargement of the various sec- 
tors and the enrichment of persons within 
them. The specific formulas, and the nu- 
merical results for Brazilian economic 
growth during the 1960’s, are given in 
Table 2. The outstanding result is that the 
bulk of economic growth in Brazil accrued 
to persons who had been above the poverty 
line in 1960 (8 = 82 percent). Of the total 


equation (4). Notwithstanding these doubts, it is cer- 


tain that the incomes of the poor grew at least as 
rapidly as those of the nonpoor, since it is mathe- 
matically impossible for the data to be consistent 
with the alternative hypothesis (incomes of the poor 
growing more slowly); see fn. 7, At issue is how much 
greater was the increase for the poor. Although we 
work with the data in Table 1 in what follows, the 
reader should remember that these are only approxi- 
mate values and not exact figures. 
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NCr $ 
(thousands) 


Poverty 
line=2,] 
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BS0 


Poverty Gap 
in 1970 


Reduction in 

Poverty Gap 

between 1960 : 
and 1970 


Percentage of 
35.5% 37.0% population 


Poverty Gap in 1960 = AB®° c89 p60 
Poverty Gap in 1970=AB"® c70 p79 da 
Reduction in Poverty between 1960 and 1970 
= B70 B60¢60C' + p7Oc7c¢' ps0 N 


FiGurRE 1. POVERTY GAP IN BRAZIL, 1960 AND 1970` 


growth, only about 16 percent (a + 6) went 
to the poor. Of this, 6 percentage points 
went to elevating formerly poor persons 
above the paverty line (a) while the other 
10 percentage points served to make the 
poor somewhat less poor (6). 

In interpreting this pattern, two consid- 
erations should be borne in mind. For one 
thing, it is not really surprising that most 
of the economic growth of a country would 
be received by the nonpoor. This is partly 
because higher income persons have su- 
perior access to income-earning opportuni- 
ties; partly because many countries develcp 
by creating more employment of profes- 
sional and skilled workers, who are likely to 
have been earning above the poverty line to 
begin with; and partly because of the simple 
mathematical fact that the poor cannot re- 
ceive a very large share of the income 
growth before they are no longer poor: In 
addition, if we compare the percentage of 
growth accruing to the poor in Brazil 
(16 percent) with the same figure for the 
United States for the same decade (20 per- 
cent), we find that the results are not very 


different, despite the reputation of th 
United States as a relatively more egalitarian 
society. In future research, it would be most | 
interesting to compare a, 8, and ĝin a num- 
ber of LDCs and to try to understand simi- 
larities and differences in the observed 
patterns. 

Finally, we may examine the extent to 
which the Brazilian economy closed its 
poverty gap during the 1960’s. The poverty 
gap is calculated as the sum of the differ- 
ences between each poor person’s (or fam- 
ily’s) income and the poverty line. This con 
cept may be illustrated with the aid of 
Figure 1. Poor persons in 1960, who com- 
prised 37.0 percent of the population (P), | 
received an average income of NCr$0.8. 
The poverty gap then was: 


(10) 
= (Poverty line minus mean income of 
persons below the line in 1960) x (Pop- 


Poverty gap in 1960 


ulation below the poverty line) X 
= ($2.1 — $0.8) x 37.0% P A+ 


$48.1% P 


> 
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he poverty gap in 1960 is illustrated by the 
area AB©C®D®. Similarly, for 1970, we 
have 


(11) Poverty gap in 1970 
= ($2.1 — $1.3) x 35.5% P 
= $28.4% P 


given by area AB”C”D”. Expressed as a 
percentage of population, the amount of the 
poverty gap made up during the 1960’s is 
the sum of two components: that part of the 
increase in incomes which elevated some 
of the poor up to the poverty line 
‘(B® BECI C'), plus the increase in incomes 
'of those who remained below the line 
(DPC®ĦC'D®). For Brazil between 1960 
and 1970, the amount made-up was: 


(12) Poverty gap made-up 


= (Difference between poverty line and 
mean income of the poor in 1960) x 
(Number of poor elevated above the 
poverty line) 


+ (Change in mean income of the poor 
l between 1960 and 1970) x (Number of 
©” poor remaining poor) 
= [($2.1 — $0.8) x 1.5% P] 
+ [($1.3 — $0.8) x 35.5% P] 


= $19.9% P 


.The percentage of the poverty gap made-up 
in Brazil over the decade is the ratio of 
(12) to (10) or 41 percent. 

Coincidentally, in the United States (see 
U.S. Bureau of the Census, Table 517) the 
poverty gap was reduced by exactly the 
same percentage (41 percent) over the same 
‘period, much of which comprised the “War 
on Poverty” years of the Johnson Adminis- 
tration. Although the percentage reduction 
was the same in the two countries, their 
patterns differed noticeably, as may be seen 
from the following data:'° 


Brazil United States 
1960-70 1959-69 
Percentage Reduction in ; 
Poverty Gap 41% 41% 


F 

eoo Brazil: computed from Table 1 in text; 
med States: U.S. Bureau of the Census, Tables 
$12, 513, 515, 517. 


A 


FIELDS: BRAZILIAN GROWTH 377 


United States 
1959-69 


Brazil 
1960-70 


Percentage Reduction in 

Fraction Poor Ey A 33% 
Percentage Reduction in Per- 

centage Difference Between 

Average Income of the Poor 

and the Poverty Line 38% 20% 
Fraction of Poverty Gap Re- 

duction Attributable to 

Smaller Fraction of Popula- 

tion Below the Poverty Line 10% 61% 


We observe that in Brazil, the poverty gap 
reduction took the form of substantially 
raising the incomes of the poor in percent- 
age terms while elevating relatively few 
above the poverty line. In the United States, 
in contrast, the fraction poor was reduced 
by one-third, but those who remained poor 
were helped relatively less by a decade of 
growth than in Brazil. These observations 
support the view that poverty in Brazil in- 
volves individuals potentially in the main- 
stream of the economy (principally low- 
income workers) while poverty in the 
United States is often attributable to lack of 
economic activity (for example, among 
retirees and the physically and mentally 
handicapped). 


C, Summary 


Concerning the changes in income dis- 
tribution in Brazil over the decade of the 
1960’s, this section has established the 
following: | 

1) The entire income distribution shifted 
in real terms, benefiting every income class. 

2) There was a small decline in the frac- 
tion of the economically active population 
classified as below the poverty line, but 
those who remained poor received markedly 
higher incomes (in proportional terms). 

3) The percentage increase in income for 
those below the poverty line was greater 
than the increase for those not in poverty, 
and may well have been twice as high, or 
more. 

4) The relative income gap between poor 
and nonpoor persons narrowed in terms of 
ratios but widened absolutely. 

5) The bulk of the income growth over 
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the decade accrued to persons above the 
poverty line. A similar pattern is observed 
for the United States, an allegedly more 
egalitarian society. 

6) The poverty gap in Brazil was reduced 
by 41 percent between 1960 and 1970. The 
United States reduced its poverty gap by 
exactly the same percentage over the same 
decade. 


HI. How It Happened 


How was the Brazilian economy able to 
shift its ent:re income distribution and 
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eliminate a considerable percentage of Ù 
poverty gap during a decade of growth? 
The basic dimensions of change are given in 
Table 3. 

For three-quarters of that country’s A 
nomically active population, wages were th 
only source of income, and the income re 
ceived by wage earners was 71 percent o 
the total. It follows, therefore, that th 
changing income distribution has its pri 
mary origin in a changing labor market. 

Earnings are higher in urban than fural 
areas, and higher in industry than in agri 
culture. Thus, a shifting income distrib 


TABLE 3-—SOME ASPECTS OF BRAZILIAN LABOR MARKETS IN THE 1960's 


Income Source, 1970" 
Wage earners as percentage of income recipients 


Income received by wage earners as percentage of total 


Median Earned income By Rural-Urban, 1960 (approximate) 


Urban and suburban households 


Median Earned Income By Economic Sector, 1970 (approximate)? 


Industrial 
Agriculture 
All sectors 


Population (in millions)° 


Total 
Urban 
Rural 
Real Output By Sector, 1949 = 100° 
Industrial 
Agriculture 
Total real product i 
Employment By Sector (in millions) 
Industrial 
Agriculture 
Total economically active population 


Employment By Occupationai Type (iå thousands)® 


Primary: Agricultural activities, vegetable extrac- 
tion, and fishing 

Secondary: Mineral extraction, industrial produc- 
tion and services, and construction 

Tertiary: Professionals, sellers of services 
(includ:ng repairmen and domestic workers), 
merchants, transport and communication 
workers, and civil servants (including police 
and army) 

Others not elsewhere classified 


74% 
YA 

Cr$1,250 

NCr$195 

110 

165 

1960 1970 Growth a 
70.1 93.2 33% 
32.5 52.1 60% 
37.6 41.1 9% 
261.4 $11.8 96% 
156.1 239.5 53% 
205.7 368.5 79% 
3.0 5.8 T% 
12.2 13. 9% 
22.6 29.5 30% 
1960 1969 
12,271 12,533 2% > 
2,791 5,476 96% 
5,341 11,082 107% 
2,248 873 





*Comisién Economica para América Latina (1974), p. 22. 


Brasil (1960), Table 6. 

Brasil (1970), Table 8. 

4Brasil (1660), Table 1 and Brasil (1970), Table 1. 
Fundação Getúlio Vargas (1973), Table 2. 

f Brasil (1970), Teble V. 

8Singer (1971), Tables 2.V, 2.VI. 
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tion and reduction of poverty could result 
from the transfer of the population from 
ee agriculture to urban areas in general 
and to the industrial sector in particular. 
That is just what happened. The urban 
: population grew nearly twice as fast as the 
| total population and more than six times 
| faster than the rural population, which can 
only be due to substantial rural-urban 
migration. Rates of growth of output and 
employment in the industrial sector were 
| higher than in agriculture. The changing 
, sectoral distribution of the labor force is 
A veflected as well in the occupational dis- 
i tribution, the number of jobs at the lowest 
, occupational levels increasing by just 2 
| percent over the decade, the number of jobs 
at higher levels doubling. 
_ What caused labor market conditions to 
-change as they did? The answer goes to the 
very heart of the Brazilian economic model. 
The main points of contention concern the 
role of government policy, particularly in 
four areas: industrialization and stabiliza- 
tion, international trade, government wage 
policy, and education. It is well beyond the 
_ Scope of this paper to attempt to pass judg- 
ment on the relative merits of the opposing 
viewpoints. The interested reader is referred 
| to Fishlow, Furtado, Brazilian Trends, 
Morley and Williamson, J. P. Wogart, 
Kenneth Mericle, John Wells, and Pedro 








Malan and Wells. How much of the im- 
provement in labor market conditions is 
| due to economic growth itself and how 
| much to government policy remains an un- 
settled issue. 
ro 
IV. Conclusion 


A. Recapitulation 


The conventional wisdom concerning 
Brazilian economic development over the 
1960-70 period may be summarized by 
three propositions: 

1) The absolute rate of growth was high, 
particularly in the latter part of the period. 

_¥ 2) Income distribution worsened. 

~MA3) Significant social and political costs 
were paid. 

_4 Many economists and other social sci- 
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entists have invoked judgments on points 
2) and 3) in questioning whether the higher 
rate of economic growth was “worth it.” 
Evidence on the first two points is presented 
in Section I above. 

Accepting the rapidity of aggregate 
growth over the decade, I have in this paper 
reexamined the challenge concerning the 
income distributional consequences of 
Brazilian growth. The main innovation is 
the use of absolute poverty measures in 
place of the usual relative inequality in- 
dices. Changes over the decade in absolute 
economic position of the poor and nonpoor 
populations were presented in Section II. 

The findings based on the absolute 
poverty approach cast considerable doubt 
on the conventional wisdom. At minimum, 
the widely held notion that “the rich got 
rich at the expense of the poor” receives no 
support in the data examined here. To the 
contrary, the poor in Brazil clearly did share 
in a decade of economic development. 
Some poor were lifted out of poverty. For 
those left behind, their incomes grew at 
least as rapidly as those of the nonpoor. At 
the same time, the very rich also got richer 
than before, in both absolute and relative 
terms. Relative inequality did become 
greater by most measures. 

Section III then described how changes 
in the structure of production and employ- 
ment in the Brazilian economy shifted over 
the decade in favor’of the relatively ad- 
vanced and high-paying sectors: urban 
areas, the industrial sector, and relatively 
high-level occupations. These factors pre- 
sumably account for a considerable part of 
the observed income distribution changes. 


B. Issues in Interpreting the 
Brazilian Experience 


In appraising the performance of the 
Brazilian economy over the 1960’s, some 
important questions are raised by these 
findings: 


1) How much weight do we want to give in 
our evaluations to changes at which points on 
the income distribution? 

I have chosen in this paper to concentrate 
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on the number of very poor in Brazil and 
on the levels of income they receive. Such a 
focus has been urged by many writers, in- 
cluding Fishlow and Langoni themselves.'! 
Nonetheless, the measures they use focus 
either on the entire income distribution or 
on the very top. In particular, it is well 
known (see, for example, David Cham- 
pernowne) that the Gini coefficient assigns 
the greatest weight to changes in the 
middle of the income distribution and is rel- 
atively insensitive to income changes at 
either end. There thus appears to be a dis- 
crepancy between the welfare weights im- 
plicit in the measures used by previous 
writers on Brazil and the judgments they 
themselves wish to make about the primacy 
of income changes among the very poor. 


2) Are the incomes of the poor in Brazil 
being raised fast enough? 

An increase in average incomes of the 
poor of as much as 60 percent in a decade 
works out to an average annual rate of 
about 4 percent, starting from a very low 
level. I am unaware of evidence from other 
less deveioped countries that might indicate 
whether this rate is comparatively high or 
low. In any event, taking Brazil on its own, 
with a continuing growth rate of 5 percent 
per annum, 20 to 30 years would be needed 
to raise the poorest decile up to $100 per 
capita income. given the present pattern of 
income inequality. Writes Fishlow: “Can 
the present starving poor be expected to 
wait for 30 years, amid rising affluence, to 
attain the princely sum of $100 per capita? 
That, strippec of its niceties, is what the 
debate is all about” (1973, p. 90). Whether 
the growth experience of Brazil should be 
commended or condemned may weil hinge 
on the answer io this question. 


3) Was the economic growth of the latter 
1960’s and early 1970's worth the appareni 
social and political costs? 

Very few studies of economic develop- 


11The desirability of a poverty focus has been stated 
clearly by Fishlow (1972, pp. 392-95) and Langoni 
(1972, pp. 80-81). For similar statements outside the 
Brazilian context, see, for instance, Robert McNamara 
in Hollis Chenery et al., and Dudley Seers. 
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ment have considered the noneconomý 
costs of growth. Yet, in the case of Brazil, 

this issue can hardly be avoided. In present- 
ing these results on the distributional ques- 

tion, I have not taken a position in favor of. 
the social measures adopted in Brazil, nor | 
would I wish to. Conventional welfare eco- | 
nomics offers no real guidance on how to: 
weigh the measures used to achieve eco- | 
nomic growth against the actual develop- | 
ment realized, and we are left to rely on 

personal judgments concerning matters of 

social justice. Personally, I doubt that in. 
the Brazilian case the ends justify thet 
means, but this is a value judgment, not a 

scientific conclusion, and others will un- | 
doubtedly disagree. 


C. How to Determine Who Benefits 
from Economic Development 


Beyond these specific questions pertain-_. 
ing to the particular case of Brazil, this © 
study raises a much more fundamental issue 
of general applicability, namely, kow 
should distributional concerns be brought & 
bear in evaluating a country’s economic de- 
velopment? In my 1975 paper, I showed that 
when a country’s high income sector en- 
larges to absorb an increasing share of the 
population, the more rapid alleviation of 
poverty is invariably accompanied by 
greater measured inequality in the early 
stages. When growth takes place in this 
fashion, should rising inequality be in- 
terpreted as an economically meaningful 
“worsening” of the income distribution or 
as an emotively neutral statistical artifact 
inherent in the very nature of this class of 4 
relative inequality indices? I would tend to 
opt for the latter. In any case, the key point 
is that there is no necessary .concurrence 
between absolute-income and relative- 
inequality based distributional studies. 

What this all basically comes down to is 
whether we wish to give greater weight in 
our judgments about the distributional con- 
sequences of economic development to the 
alleviation of absolute poverty or to the 
narrowing of relative income inequaby. : 
Personally, I am most concerned about fie 
alleviation of absolute poverty among p 
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pery poorest, and have made use of mea- 
sures with this explicit focus to the virtual 
exclusion of the rest of the income distribu- 
tion. Others with different value judgments 
who may be more concerned than I with 
relative income comparisons or with the 
middle or upper end of the income distribu- 
tion may wish to give relatively greater 
weight to changes in other measures in ar- 
riving at their own interpretations of the 
| Brazilian experience. 

Ideally, the choice of the measure to use 
and the specific welfare weights assigned 
hould reflect the value judgments we wish 
to make. Despite recent advances in this 
area,’ there is not yet any consensus on 
how best to go about bringing these judg- 
ments to bear in practice. This is perhaps 
one of the most important lessons emerging 
from the Brazil debate. 

This reexamination of the Brazilian ex- 
perience has raised some fundamental ques- 
tions. Did the personal distribution of in- 
come really worsen in Brazil over the 
1960’s? Should the rising Gini coefficient 
eigh negatively in our welfare judgments, 
and if so, by how much? How much im- 
portance should be given to considerations 
of relative incomes as opposed to absolute 
poverty? By assigning heavy weight to 
changes in the usual indices of relative in- 
come inequality and interpreting these in- 
creases as offsets to the well-being brought 
about by growth, the participants in the 
Brazilian debate and others who have fol- 
lowed similar approaches in studies of 
other less developed countries appear to 
pave overlooked important tendencies to- 
ward the alleviation of poverty. 


l2Among the recent works are Atkinson, Nicholas 
Stern, Montek Ahluwalia and Hollis Chenery, and the 
author and John Fei. 
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Quality, Uncertainty, and Regulation 


* 
> 


The Trucking Industry 


By A. S. DE VANY AND T. R. Savinc* 


The impact of uncertainty on optimal 
pricing and output decisions where quality: 
is a parameter has been the subject of recent 
work with contributions by Robert Meyer, 
Gardner Brown and M. Bruce Johnson, 
and Phoebus Dhrymes. On the other hand, 
optimal pricing and product quality under 
certainty has been discussed extensively by 
Peter Swan and others. However, little if 
any work has been done on the determina- 
tion of optimal pricing and quality under 
conditions of uncertainty. As we shall dem- 
onstrate below, the integration of the qual- 
ity and price decision under uncertainty 
allows us to explain a broad class of eco- 
nomic behavior heretofore unexplained. 

The central thesis of this paper is that in- 
dustry capacity affects both the quantity 
and quality of output. Because of the im- 
pact of capacity on quality, pricing prac- 
tices of certain industries, for example, 
value of service pricing in truck transport, 
become understandable as the result of nor- 
mal competitive profit-maximizing be- 
havior. Moreover, previous arguments that 
such pricing practices are not socially opti- 
mal become questionable. 

The particular application of the quan- 
tity-quality relation considered here is the 
relation between capacity and waiting time 
in the truck transport industry.’ This in- 


*Texas A&M University. This research was fi- 
nanced by the Motor Vehicle Manufacturers Asso- 
ciation and by National Science Foundation Grant, 
SOC 76-06025. The views expressed here are not 
necessarily those of the MVMA. We wish to thank 
Armen Alchian and Hayden Boyd for comments and 
suggestions made on an earlier draft. 

!Some work on the airline industry has considered 
this problem. See George Douglas and James Miller, 
and De Vany (1975a) for a discussion of the relation 
between schedule frequency and waiting time. Ross 
Eckert, Douglas, and De Vany (1975b) have con- 
sidered industry supply and waiting time in the case of 
faxicabs. None of this work has considered the com- 

itive provision of waiting time in a fairly general 
stochastic environment. 
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dustry among others is faced with uncer- 
tainty on both the demand and supply 
sides. As a consequence of this uncertainty 
the system will be saturated at times and 
consumers must wait or forego use of the 
service. Thus, randomness gives rise to 
waiting time which functions as an implicit 
price. In this paper we construct a model of 
a competitive market that determines the 
equilibrium price, waiting time, capacity, 
and industry output 

There are three central features in our 
model of this problem. First, waiting time 
fluctuates randomly, and there is imperfect 
information. This gives rise to search for 
short queues, and results in a process 
closely related to George Stigler’s analysis 
of price search. Second, higher capacity 
reduces the probability that the system is 
overloaded, and thus reduces waiting time. 
As a consequence, there is economic value 
to excess capacity and the market must 
somehow trade off the probability of the 
system being empty (customers'do not wait) 
against the probability of it being full (no 
wait for servers). This duality of the wait- 
ing time*problem plays a central role in the 
determination of the optimal level of excess 
capacity.” Third, rational search leads to 
a stopping rule wherein searchers balk at 
joining queues longer than some reserva- 
tion length. This process stabilizes queue 
lengths and ensures the existence of a 
steady-state equilibrium at the firm level. 
Industry equilibrium, however, requires 


2In a sense the waiting time solution is determined 
in an implicit market. For an excellent discussion of 
implicit markets see Sherwin Rosen. For an example 
of waiting time and capacity utilization under monop- 
oly, see De Vany (1976). 

3This is not a new point, such duality has been 
forcefully argued by Armen Alchian among others. 
In addition to the transportation work cited, the point 
has been debated in the Soviet Union in the form of 
criticism of the full utilization doctrine. On this see 
Boris Gnedenko and Ivan Kovalenko. 
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that there be excess capacity in the aggre- 
gate. The expectation of the full price is a 
parameter at each firm, but the actual full 
price follows a random walk with a reflect- 
ing barrier below at the money price and a 
barrier above at the sum of this price and 
the maximum tolerable waiting cost. 


J. The Traditional Analysis 


The standard model of a competitive firm 
operating in multiple markets is that each 
firm maximizes a profit function of the form 


(1) m = Dpiqi — Clq; k) 


where p; and aq; are respectively the price and 
quantity in the ith market, and ķ is capac- 
ity. The relevant first-order conditions are 


ôq 
D atè mx - 
j=l qi 
_ 0g ðk ðq; 
Co Co. = | 
Cx +2, FO ie (2 ðq; 2) 3 


In this model let one market be the domi- 
nant market, 1e., qa > ¢;Wi = d. Assume 
that (6k/dq;) = 0, Vi = d, (ðq; /ðq:) = 0, and 


let C, = 0C/ax, x = q;,9q;,K. Then (2) im- 
plies 

(3) | B= C Wi # d 

(4) pa = Cu + G E 


Thus, we get the traditional result that 
the nondominant markets pay only. their 
direct marginal cost and the dominant mar- 
ket bears the full capital cost. That is, be- 
cause the subsidiary or off-peak markets do 
not require any additional capital stock, 
these markets should not pay any of the 
capital cest. 

This result depends crucially on the as- 
sumptions that the markets are indepen- 
dent, and the marginal capital requirements 


4This traditional result is not affected by introduc- 
ing price uncertainty since the expected profit maxi- 
mization simply implies the substitution of expected 
price for certain prices in (1). 


„and represent a loss to the system. This is not dea; 
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for the off-peak markets are zero. In ‘fact 
as we shall show below the introduction of 
demand and supply uncertainty results in 
both of these assumptions being violated. 


Il. A Model of the Trucking Firm 
Under Uncertainty 


Let the truck transport system consist 
of a road between’ points A and B and 
trucks capable of carrying unit loads. Let 
the shipping firms be expected: profit maxi- 
mizers so that mode of transport will be cÀ 
chosen on the basis of expected full price. 
The full price of shipping a unit- load is 
the actual transport charge between. A 
and B plus the inventory holding cost as- 
sociated with shipping time, where ship- 
ping time includes waiting time. The latter 
cost must be included because it repre- 
sents a real cost of transport. If transport 
capacity increases, the volume of goods 
waiting for transit will fall and resources 
will be released. The: expected ‘cost of de- 
livery time is then the product of the cost. 
of holding a unit of inventories per unit" 
of time and the expected total waiting © 
time.° 

Let the rate at which loads arrive for 
shipment at A and B be random variables 
whose distributions depend on the expected 
full price at A and B, respectively. Then 


(5) da ~ falqa, Pa) 
(6) qa ~ BCE Pz) | 


where q4,g, are the quantities of shipping 
demanded per period at A and B, P4, P 
are the respective expected full prices, and 
fa and fg are probability density functions. 
The expected full prices are 


(7) Pa = pa + na Wa 
(8) Pe = pa + ns We ` 


` 5The theory of the shipper’s demand for truck trans- 
ovation is developed i in the authors (1975). 
6Thus goods in transit cannot be used by anyone 







weight loss, however, since to reduce goods i in tr Sit . 
in an optimal! situation would resilt in an increas 
shipping resources by more than the Bayne in inven, 
tory holding costs. i 
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Jwhere p, and pg are the actual transport 
‘charges per load at A and B, n, and ng 
are the costs of holding a unit (one truck 
load) of inventory at A and B, W, and W, 
are the expected elapsed times from trans- 
port order to delivery. The full prices equal 
transport price plus the alternative cost 
of inventory necessitated by the shipping 
process. For simplicity let us treat each 
commodity as a separate competitive mar- 
ket so that at point A, ņ4 is equal for all 
shippers, and similarly at point B, 7, is 
equal for all shippers.’ 


aa ’ 
A. Firm Demand 


Since we are treating each route as a 
separate competitive market, each firm 
is a full-price taker at both A and B.* So 
long as each firm maintains the market 
expected full price, it behaves as if the 
arrival rate at its door is proportional to 
its capacity. That is, a doubling of capac- 
ity will double the expected number of 
“shipment arrivals. Essentially, this assump- 
tion is a stochastic version of the usual 
competitive assumption that a firm can 
sell any desired output at the market equi- 
‘librium price. In this case firms can have 
any desired expected number of customer 
arrivals by simply supplying si appro- 
priate capacity.’ 

.While the expected full price is identi- 
cal across firms before a customer: begins 


search, once he arrives at a particular firm . 


the information obtained yields a condi- 


iw 


7Weassume that the inventory costs are paid by the 
shipper. Actually, the burden of the inventory costs is 
shared by shippers and receivers of goods. In our 1975 
paper we also show the shipper’s capacity cost enters 
into his demand for shipping capacity. 

8if a single firm operates in several markets, we as- 
sume that the firm’s total capacity is equal to the sum 
of its individual market capacities so that there are no 
benefits from risk pooling. Such risk pooling is one 
reason for mergers by firms with different routes. The 
extent of these economies is an important issue in 
“understanding the rate of merger activity. This is, of 
rcourse, not the problem being discussed here. 
“In effect we are assuming that customers search 
.over trucks on a random basis. Thus, arrivals at any 
‘one firm will be proportional to that firm’s capacity. 
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tional expected full price. In particular, 
since arrivals are random the queue length 
will differ across firms and time, implying 
that the conditional expected full price will 
not equal the expected full price. This dif- 
ference in conditional expected full price 
across firms opens up the possibility that 
individual shippers at an instant in time 
will find the queue length at a particular 
trucking firm too long, i.e., the conditional’ 
expected price is too high, ‘and they search 
for a shorter queue.” 

Let the conditional expected full price 


(P| Q) be 
(9) (P|Q) = p + 9(W|Q) 


where (W | Q) is the expected wait given 
that the queue at a particular time is of 
length Q, and we have suppressed the mar- 
ket subscripts since the discussion applies to 
both A and B. The expected cost of not 
shipping with the first firm is the market 
expected full price plus the marginal cost of 
search e. Thus, the customer will balk at 
the queue any time 


(10) a<nl(W|Q)-W 


i.e., when search costs are less than. the 
value of the difference between the con- 
ditional and unconditional expected waits. 
The maximum queue that a customer will 
tolerate is Q such that (10) is an equality. 
This maximum queue results in a maximum 
or reservation expected full price R which is 


(11) R=p+7W+eo 


Given the reservation expected full prices 
(R,,R,) at A and B and the distribution 
of conditional expected full prices, there 
will exist a mean number of searches per 
customer m la» Mp at each termination point 
A and B." Given that the level of this 


\0This behavior is called balking in the queueing 
theory literature (see Frank Haight). 

1! The relation between the optimal acceptance price 
and the mean number of searches is given by Lester 
Telser. Here we assume that the acceptance full price 
lies far enough below the (infinite) upper bound on 
the distribution of full prices generated by fluctuating 
queue lengths so as to generate positive net returns 
to search, 1.6., m4, mp > 1. If my, mg = 1, what Tel- 
ser calls the naive rule will hold and no balking will 
occur, 


me 
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search activity is independent of total ar- 
rivals and that the arrival rate of customers. 
at a single firm is proportional to that firm’s 
capacity, it follows that the expected num- 
ber of customer arrivals for the ith firm at 
A and B, a’, F, respectively, are 





(12) qi = aN a 
(13) b' = meN: b 


where a and b represent industry expected 
arrivals at A and B, respectively, and N is 
total industry capacity.” 

Now assume that the arrival of searchers 
to the industry is Poisson so that each firm’s 
arrivals will be Poisson distributed and in 
particular” 


ay de ~ to 
(15) qs ~ ra obit 


B. Firm Supply 


On the supply side we assume that the 
trucking firms of size N; locate at the point 
with the greatest traffic flow. Without loss 
of generality let this point be A. Assume 
that each firm sends trucks to B as loads 


12As we shall point out below, the flow of traffic 
at B will not necessarily be proportionate to (N;/N). 
Thus, the capacity of the firm at B may not equal N;- 
This assumption, however, considerably simplifies the 
subsequent analysis. 

l5What we require is (i) the probability of an in- 
dustry arrival in an interval (t, t + At) is equal to aAt 
plus a term that goes to zero faster than At; (ii) the 
probability of more than one arrival in the interval 
(t,t + At) goes to zero faster than At; and (iii) arrivals 
in nonoverlapping intervals are independent. These 
assumptions will result in the distribution of demands 
being Poisson and allow us to utilize the many con- 
venient results of queueing theory. More general re- 
sults may follew from a more general distribution of 
arrivals and service rates. 

4This assumption implies that there are no econ- 
omies of scale in expanding routes or commodities. 
While we ars takirg some liberty with the facts, this 
assumption greatly simplifies the analysis and as we 
shall demonstrate below, we give up very little in 
generality. 
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arrive for shipment and that these trucks 
unload at B, load if a shipment is waiting, 
and return to A.” Thus, we assume that 
empty trucks move from B to A but that no 
empties move from A to B. Denote the 
number of trips that can be completed per 
period as n, and let n be random and dis- 
tributed 


(16) n ~ h(n, N;) 


with expected value pN;.'’ Thus, the ex- 

pected time for a truck to load at A, make 

the trip to and unload at B, load if a ship- 

ment is waiting and return to A, is (1/y). 

Now assume that n in (16) 1s Poisson so that 
n~ (N; nt)” ew Mint 


(17) 
ni 


Thus, the expected number of trips is uN; 
as assumed in (16). In addition, assume that 
the number of round trips actually com- 
pleted and the number that can be com- 
pleted are equal.'® 


\SHere we want to consider situations where one 
market dominates the other, a-common element ii” 
actual trucking. This will turn out to be a very fruitful 
way of analyzing certain regulatory actions. 

i6Note we are ignoring the less than truckload 
shipment, or we are assuming that there is an inter- 
mediate step, freight forwarding if you like, where all 
loads are consolidated into untt truckloads. The model 
can be extended to allow a stock of trucks to be held 
at both points and for empty trucks to move in either 
direction. This addition adds considerably to the com- 
plexity, however, with no gain for our purposes. 

17 Essentially we are assuming that the number of 
trips per truck are independently distributed with 
mean u. Then N;u is the mean of the sum of N; inde- 
pendent random variables each with mean yu. In the. 
queueing literature N,;uw is referred to as the service 
rate. 

I8 Essentially we are approximating the N-server 
queueing model, each server having capacity p 
((M/M/N) in David Kendall’s notation) with a single- 
server model with capacity Nu. The expression for 
expected wait for the N-server model is 


W = “[ t(Nu ~ aje Naan at 
0 


where x = probability all N servers busy. On this see 
Gnedenko and Kovalenko. Evaluate to get W = 
a/Np ~ a = x/Nu(l — p) where p = a/Np. Thus 
the single-server model approximates the N-server mo 
expected wait whenever p is close to 7. This approxinfa-— 
tion is suggested by the fact that the fraction of time dur- 
ing which a single server of capacity Nu is busy (p) is os 
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» .. IIL. The Steady-State Solution 


As we discussed above, shippers search 
across firms until they find one with an ac- 
ceptable conditional expected full price, i.e., 
ja firm where the queue is sufficiently short. 
‘The shipper then chooses the first firm en- 
‘countered with a conditional expected full 
‘price less than or equal to his reservation 
full price.: From the definition of the full 
price, this implies that the maximum ex- 
pected waiting times which a searcher will 
eae at firm Í, WA; and Wa, ATe 


if R _ į ans, 

(18) eae S Wa Eo 

! : A A 

as) ee See a W pee 
1B NB 


i 
| where Ps, ph are the ith firm’s transport 
charges at A and B. 


| ~. <A. The Solution at A 


Let the potential customers of firm i at 
Coin A estimate the total shipping time 
| from observation of the queue length at the 
time of search and from knowledge of uN;. 
Given that there are Q, loads at firm 7 the 
conditional expected wait is 


(20) (W,| 01) = 7 













That is, the conditional expected wait is the 
number at firm i, Q4, times the expected 
service time (1/N;u). Thus, the maximum 
number at firm i that a searcher will tolerate 
48 Par = w4;N;u. The shipper then stops at 
the first firm encountered who has (Ty; — 1) 
or fewer in its system.'? Given the arrival 
distribution (14) and the service .distribu- 


/ 


good approximation to the probability that the pro- 
portion of N servers, each with capacity yu, is busy. 
For more general arrival and service distributions 
there is little distinction between N servers and one 
server; once again see Gnedenko and Kovalenko, 
|. }?When a searcher begins search, all trucking firms 
jave identical expected full prices. Upon arrival at a 
particular firm the searcher has information not avail- 
bic before search; the number in the queue. Thus with 
the additional information he decides whether to join 
ra queue or search further. 
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tion (17) it can be shown that the expected 
number in the system at firm i in the steady 
state is 


pait! 


(21) Qai = (Wy F 1) 


Tait! 


ERI saal 


where ra = a'/N;n® The necessary and 
sufficient condition for the existence of the 
above steady-state solution is that the prob- 
ability that the system is empty be positive.”! 
The probability that a shipper will balk 
at firm i is equal to the probability that 
there are Ta; loads in the system, which is 


r4- 
(i Edi rara 
(22) Ydi = q pal 


. where y4; is the probability of a balk. Given 


that the fraction y4; of arrivals balk, real- 
ized shipments per unit of time are 


(23) a’ = d(l — Ya) 


and the effective utilization rate of the 
firm’s capacity is 


(24) Pai = Vall — Yai) 


The steady-state probability of an empty 
system is (1 — p,4;) which must be positive 
for existence. Thus, it follows that p4; < 1. 
In other words, the mean effective number 
of shipments must be less than the firm’s 
mean capacity if steady-state equilibrium 
exists. Thus, we have a competitive capacity 
utilization theorem which says the firm can- 
not on average fully utilize capacity.” 


B. The Solution at B 


The steady-state solution for the system 
at point B is constructed in a fashion similar 


20We can obtain the solution to this problem from 
Haight’s model or by recognizing that if everyone 
balks when there are I4; loads in the system, then 
this is equivalent to the Markovian single-server 
model (M/M/1/T4;) where T4; is some absolute 
limit on the number that can be in the system (see 
Donald Gross and Carl Harris). 

2!This condition will be assured if T 4; is finite. See 
Haight or De Vany (1976). 

227 attempt to do so would be inefficient since it 
would impose large waiting time costs on shippers. 
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to the solution at point A. Here we assume 
that trucks unload at B and pick up a load 
if one is available. If no load | is available, 
the truck returns to A empty.” From these 
assumptions and the steady-state solution 
for the firm at A, it follows that the arrival 
rate of trucks at B is af.” Assuming trucks 
leaving A are Poisson, then arrivals at B are 
Poisson with arrival rate a‘ so that 


(a't)” pralt 


ay l a 
(25) Np nt 


From the fact that the service rate at B is a 


and (19) it follows that the maximum num- 
ber of shipments in firm ¿s system which 
will be tolerated by a shipper at B is 


(26) Ty, =. wp; 
Using (15) and (25) the steady-state solu- 


tion for the expected number in firm i’s sys- 
tem at Bis 





re; reper 
| (27) Cai eo rie (T's, + 1) — 
where ra; = b'/a'. As above, the probability " 


that a shipper at B will balk at firm / is the 
probability that the queue length is Ta; 
which is pit! 

(28) (1 = Bi)! Bi 


Yri = pait i 


where yx; is the probability that a dioer 


balks. Given (15) the expected realized flow- 


of shipments from B to A for firm /is 

(29) 3 = bl — ys) 

and the effective load on firm i relative to 
B is 


G eatoni, 


R 


C. Some A dditional Comments 


Normally one would expect that stability 
of a queueing process would require that the 


23 Additionzlly, we are assuming that loading and 
unloading time is included in ‘the service time per 
truck y. 

26This is a wel.-known property of serial queues: 
see Gross and Harris. 


‘changes 
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arrival rate be less than the ability of ihe 
system to service the arrivals. In the case 
where the shippers balk, however, the num- 
ber of searchers may exceed the capacity of 
the firm. The reason for this is that arrivals 
balk when the queue reaches the critical 
value, and therefore the length of the line 
stabilizes and becomes independent of the 
history of the system. At the industry level, 
however, we have assumed that balking 
does not occur and so industry stability re- 
quires that the expected. industry arrival 
rate a be less than industry capacity A HA 
where N = ÐN;. 

The proportion of searchers who balk de- 
pends on the capacity of the firm relative to 
the search rate. The search rate is deter- 
mined by the full price and the distribution 
of waiting times, as well as the cost of; 
search. Since the purchase of shipping 
services is a repetitive process with low 
search cost, we assume that search drives 
expected full price to equality among firms. 
Even in this case, however, there is random 
variation in the full price since it depends 
on the number in the queue at the time o4 
search. So, with equal expected full prices 
across the market, there will be search for 
short queues. | 


IV. Equilibrium Conditions for the Firm 


Before we can derive the equilibrium con- 
ditions for the firm, we must derive the re- 
lation between the expected net flow of 
shipments a, 6’, and the choice variables of. 
the firm. Since demand depends only o 
expected full price, any firm whose ey 
full price is above the expected full price of 
other firms will receive no business. Com- 
petition then implies that the firms are ex- 
pected full-price takers. A competitive firm 
is not able to vary its price and output rate 
freely, but is subject to the constraint that 
its full price remain equal to the market- 
clearing full price. This means that if a firm 
its price, expected wait must 
change in an offsetting manner so as tọ 
leave full price unaffected. If capacity 
changed at constant output, then the 0 
ing effect on expected wait must be offset by 
a eee in price. Essentially what occurs pi 
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that the net arrival rate at the firm adjusts 
So that no action of the firm can result in its 
expected full price deviating from the mar- 
ket determined expected full price. 

From (22), (23), and (28), (29), we can 
write œf and @' in general form resembling 
a demand function as 


- + 
(31) a’ = a (ph, Ni) 
G) B= Bi(ph, a’) 


where (31) and (32) are derived holding full 
price constant and the signs over the argu- 
ments are the signs of the partial derivative 
with respect to that argument. The noted 
signs are easily demonstrated by first rec- 
ognizing that since full price is a parameter 
for the firm, increases in the service rates 
(N; in (31) and a’ in (32)) for fixed pi and 
pg Must result in increased utilization rates 
so that expected waiting time remains un- 
changed. Secondly, increases in transport 


prices (ph, p) must result in decreases in ` 


utilization rates in order that expected wait- 
ing time falls enough to maintain full price. 
From the definition of full price it follows 
that these derivatives may be written as 




















da! l 
33 Poa ess eS a 0 
69 p aw, S 
NA 7 
da 
OW a 
Bott = — ON; > 0 
ON; oW, 
da! 
, api l 
34 aE ee ee 
L ) Ops ð Weg : 
1B ; 
dp 
OW, 
aa = — dad >0 
da' OW» 
api 


Now using (31) and (32) write the profit 
function for the firm as 
po) mi = paa (pas Ni) 
+ peB'( ps, a’) — C(a', b’, Ni) 


where C(-) is the expected cost function 
y ðC/ða = C > 0, 3C/3ß' = Cri >0 
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and ôC/ðN; = Cy, > 0.7% As we have - 
pointed out above competition implies that 
the firms are full-price takers. From the 
definition of full price and. the solutions for 
expected wait it follows that the firm can 
choose either its quantities (a’, 8°) and its 
capacity N; or its prices (ph, ph) and its 
capacity N;, but not both. That is, once the 
quantities or the prices are chosen, the mar- 
ket determined full prices determine the re- 
maining variables. 

Even though we. are assuming competi- 
tion, it is not the case that the firms are 
transport price takers. Indeed a firm can 
have any set of transport prices it chooses 
but must accept the resulting market impact 
on its output since its waiting time must 
adjust until its full price is at the market 
level. It is perfectly legitimate then, for us 
to let på, pz, and N; be the choice variables 
for the firm, and assuming 7; is concave in 
these variables, the first-order conditions 
which characterize an optimum are 


E ag 
a pi ap, a) + oe (CE ‘(sar ) 


: (Cy + Cy E) = 0 
| Op 


25The function C(-) is the expected cost function. 
Since the Poisson is a one-parameter distribution, 
expected costs will depend only on a’, 6’, and Nj. 


“With more general arrival and service distributions 


the expected cost function would also be a function 
of the other parameters of the relevant probability 
density functions unless the cost function is linear. 

261t may appear that Cy, is necessarily zero since 
it must vanish if chosen so that costs-are a minimum 
for any given vector of outputs. This would be the 
case if product quality was independent of capacity. 
In our case, however, an increase in capacity for given 
levels of output increases quality by reducing waiting 
time. Accordingly, at the market determined full prices 
the transport prices at the firm are positively related 
to capacity, i.e., capacity has a positive marginal 
revenue. Thus, the firm will in equilibrium not choose 
that level of capital which minimizes costs for given 
output. Instead it must weigh the cost effect of addi- 
tional capital against the revenue effects and will 
choose a level of capital such that Cy, > 0. 
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38 + 
( ) (Ps + Pr da se) ae E 
i Cu + Ca ENE + Cy = Q 
j ' ða j aN 


By solving (36)-(38). for ph, pa, and Cy, 
and using (32), (34), we can write the neces- 
sary conditions as”’ 











i ; OW 
(39) pa = Cu + ana —+ - Bn — 
Oa da 
; g OW, 
(40) pi = Cu + Bin? —4 
PB 8 af 
. OW, 
4] Cy, = — a 
(41) N; & Na aN, 


Since the ph result is simplest, let us be- . 


gin with market B. Note that the optimal 
price in B is greater than the marginal cost 
of output at 8. In fact, the second term on 
the right-hand side of (40) measures the rate 
of decrease in the price at B per unit in- 
crease in the net traffic flow at B necessary 
to compensate for the increased waiting 
time associated with an increase in the net 
traffic flow. Thus, the price in B reflects a 
charge for the marginal cost of output C 
anda congestion toll equal to the value at $ 
of the increase in waiting time associated 
with one addizional unit of output.” 

In a similar fashion the terms 
[-b'ns(0 We /éa')] and [a'n,(OW,/de')] are 
the respective values of the decreased wait- 
ing time at B and increased waiting time at 
A that result from a unit increase in the net 
traffic flow at A.” The price at A, then, is 


7The resulting equations are not reduced form 
equations for p4 and pg, since terms on the right are 
functions of price. The equations, however, do indicate 
the relations among price and the other variables in 
equilibrium. 

28 We are using congestion toll ; as a synonym for the 
marginal time cost. These costs are the equivalent of 
the marginal effect on highway congestion of addi- 
tional users. Hence, the term congestion toll seems 
appropriate. Note, also, the arrival distribution is 
stationary so the toll is not the result of a periodic 
demand distribution. The peak is randomly distributed 
over time intervals, rather than fixed. 

*°Thus if waiting time is considered the variable in- 
put, we know that total costs are minimized since the 
cost of an additional unit of capacity services equals 
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equal to marginal cost at A plus a conges- 
tion toll at A less the value of the reduce 
congestion at B. Thus, the greater the bene- 
fits of et ta a ea at B, the lower 
the priceat A.. ` 

Both prices ps and pg exceed the direct 
marginal cost of transportation. Why then 
is it not in the interest of the firm to attempt 
to increase output at A and B? The answer 
to this question is that in order to.increase 
output the firm must add to its capital stock 
or reduce its transport price. In fact, the 
prices at A and B just equal the full mar- 
ginal cost (direct marginal cost plus the rez 
quired charges in transport prices) of an 
additional unit of output. Alternatively, 
prices at A and B -equal their respective 
direct marginal cost plus the additional cap- 
ital stock required to maintain transport 
prices. 

Equation (41) indicates that even though 
the price at B includes a congestion toll 
charge, the stock of capital is determined 
exclusively in the market at A. We should 
point out, however, that the choice of pi 
and ph both impact on the net traffic flow 
at A. Since both på and ph are influenced’ 
by traffic at B, this traffic indirectly affects 
the choice of N;. The optimal prices at A 
and B are then fixed to adjust net traffic 
flows so that each purchaser-of transport 
pays a congestion toll equal to the value of 
the increased waiting time associated with 
his use of the system and accordingly pays a 
share of the capital cost. | 

The conditions (39)-(41) plus the zero- | 
profit conditions imply that the competitive 
outcome is efficient in the context of no. 
highway congestion which we have as 
sumed. Price is equal to marginal social cost 
in market A and market B and the weighted 
marginal value of output equals its 
weighted marginal cost with marginal cost 
also equaling the foregone value of the re- 
sources employed by the trucking industry, 
which are measured by average cost. This 
conclusion, of course, requires modification 


the value of the variable inputs saved if output is prac: 
duced with another unit of capacity (see Herbeft 
Mohring). 


~ 
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a there is highway congestion coupled with 
inefficient pricing of highway use. 

The above results have important imph- 
cations outside the transport industry. For 
example, markets A and B are analogous to 
peak and off-peak period markets.” Even 
though capacity is scaled primarily to mar- 
ket A, the firm charges a congestion toll in 

| market B as well as in market A. The rea- 
son for this lies in the fact that effective de- 
mand for the service even in the off-peak 
_ market depends on the rate of utilization of 
| capacity in that period. If one additional 
¿shipper joins the system at B he increases 
the expected wait for all other users because 
pgi increases. In the standard analysis of 
peak load pricing, capacity in the off-peak 
period has no effect on the effective demand 
| for the service. It therefore follows from 
' the standard analysis that only peak capac- 
ity should be rationed through congestion 
pricing. In the setting of substantial inven- 
tory holding cost and uncertainty that we 
have been dealing with, the standard model 
of the peak load pricing problem clearly 
does not apply. In fact, it would seem that 
the standard analysis is inapplicable to a 
wide class of service industries where ef- 
fective demand depends on waiting time, or 
any related stochastic quantity such as re- 
liability.” 





nen 


V. Industry Equilibrium 


Without loss of generality we can assume 
that all firms are identical. Then we can use 
(39)-(41) to solve for â, 8, Ñ, the common 

alues of each firm’s optimum a’, 8‘, and N;. 
Each of these variables will be a function of 
the full prices, so we write 


(42) & = &(P4, Pe) 


30The analogy is not an exact one since there is no 
backhaul across peak and off-peak markets, but there 
is some cross-price elasticity of demand. In competi- 
tive markets we will have price-taking behavior in the 
peak and off-peak markets at the firm level, with the 
cross-substitution effect occurring at the market level. 
We are working on a solution to this problem. 
31 For an examination of peak load pricing in a con- 
sext where reliability is jointly determined with effec- 
tive demand, see the authors (1976). 
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(43) ` 8 = B(P4, Ps) 
(44) Ñ = N(P4, Ps) 


From Section II, (5) and (6), we have that 
the expected arrivals at the industry level a 
and b are functions of the full prices at A 
and B, respectively, so that 


(45) a= a(P,) 

(46) b = 5( Pz) 
Additionally, from (7) and (8) we have 
(47) Py = pa + n4 Wa 


(48) 
Total industry supply is simply 

(49) a‘ = fa( Ps, Ps) 

(50) B° = {B(P., Ps) 


where fis the number of firms. In addition, 
industry equilibrium requires that profits be 
zero so that 


(51) psd + peô — C(â,ĝ, Ñ) = 0 


Given that all firms are identical, the ex- 
pected waiting time at the industry must 
equal the common expected waiting time at 
each firm. For each pair (P4, P) of full 
prices there is a pair (W,, Wp) of supplied 
expected waiting times derivable from the’ 
solution of (20)-(21), (34), and (35). Thus, 
we can write 


(52) Wa = W,(Pa, Ps) 
(53) Wy = Wa(Pa, Pe) 
Market equilibrium requirés 
(54) a(P,) = fa(P,, Ps) 
(55) B(Ps) = SB (Pa, Ps) 


Additionally define total industry capacity 
as 


(56) N = fÑ 


From (54) and (55) we can solve for P, 
and Pg, which in turn determine all the 
other variables in the system. Thus, we have 
a model which determines the capacity of 
the industry and the transport costs. Given 
the demand equations and the service time, 
the expected wait is then determined and 
also the full price. Given the full price, we 
have the net flow of traffic which in con- 


Pg = Ps + ng We 
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junction with the previously determined ir- 
dustry capacity gives us the utilization rate, 
or the equilibrium amount of “excess” 
capacity. 


VI. Competitive Pricing: Some Implications 


In this section we want to summarize the 
view of competitive pricing which the 
model affords and to show the applicability 
of this view to some problems in truck 
transport rate setting. We have shown that 
competition results in equilibrium prices 
that contain a congestion toll in addition to 
a fee covering the marginal cost of output. 
Each customez pays the full expected social 
marginal cost of output. In effect the firm 
does not allow its capacity to be treated as 
a free access resource by customers and in- 
stead levies a crowding charge on every 
user of his capacity equal to the marginal 
expected waiting cost. This waiting cost is 
directly related to the time value of 
customers. 

It is well known that trucking firms 
‚charge rates wàich differ among commodity 
classes according to the value of the ship- 
ment. The usual explanation of this phe- 
nomenon is that since demand elasticity is 
inversely related to the value of product, the 
trucking industry is practicing discrimina- 
tory pricing. This conclusion rests on the 
erroneous assumption that competition 
would price only on the basis of marginal 
hauling cost and would not differentiate 
rates on the basis of the value of shipment. 
Prior analyses of the trucking industry have 
neglected the competitive provision of ser- 
vice quality entirely and so have failed to 
discover the ccrrect pricing formulas of the 
competitive process. 

By examining equations (39)-(41) we can 
see that a competitive trucking industry 
prices partly on the basis of the value of the 
shipment. Pric2s at both A and B include 
the marginal hauling cost plus a charge re- 
flecting the vaiue of the marginal waiting 
time. This latter charge results from the fact 
that increased waiting time increases inven- 
tory holding costs. 
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From the above it is clear that relative. 
prices which differ from relative marginal* 
hauling costs are not necessarily discrimina- — 
tory. The issue is whether or not actual 
pricing behavior in the trucking industry | 
results in relative prices which are different 
from those that would have resulted from a 
competitive environment. The existing em- 
pirical work has failed to come to, grips 
with this issue since it assumes that relative 
prices which differ from relative marginal 
hauling costs imply discriminatory pricing 
behavior.” 

There is widespread belief that rates: 
should be related to distance of haul in 
some reasonably uniform manner. The ar- 
gument states that the rate per mile should 
make allowance for fixed costs and then de- 
cline with distance since marginal hauling 
costs per mile decline with length of haul.” 
Our model implies that a rate structure of 
this form is inefficient and will penalize 
long-haul markets with poor service. It can 
also be shown that the logic of the rate for- 
mula is defective since it offers no basis for 
determining the optimal level of fixed ca- . 
pacity on which to base the intercept of the 
rate equation. 

We can shed some light on this problem 
by considering a competitive industry with- 
out balking.” Under these circumstances 
the competitive waiting time is 

a l 
(57) Mita n 


(58) P A ES ee 





















i 


The appropriate marginal waiting times are — 
then i 
aW, l 


peee i e a a e > 


d& (Nu — âF 





(59) 


32In fact, Josephine Olson uses evidence that rela- 
tive prices differ from relative marginal hauling costs - 
to conclude that the trucking industry is not compet- 
itive. i 

33The testimony of Richard Hinchcliff indicates, 
this is precisely how rates are set. This uniform rate 
structure is closely tied to the notion of nondiscrim- 
inatory rates. 3 

34Similar results can be shown for the balking case? 
but only after considerable algebraic manipulation. >= 
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Wg _ l 


a8 (a - BY 
which are both positive. 


Now changes in trip distance change u 
so that the relevant derivatives are 





(60) 





ow 2N 

(61) f = — ne 
Jadu (Nu — a) 
rw, 

62 ERN) 

(62) TEN 


Since we have assumed that the arrival rate 
per firm at A is unaffected by distance, the 
marginal waiting time at B remains un- 
changed. But marginal waiting time at A is 
negatively related to u. In other words, 
marginal waiting time increases with dis- 
tance. Thus, additional capacity reduces 
waiting time by more on long routes than 
on short routes. Given two routes of equal 
density, the route of greater distance will 
operate with more trucks, lower utilization 
rates, and higher prices provided the cost of 
hauling is the same. 

The cost of hauling over routes of dif- 
fering distance will, of course, usually dif- 
fer. The above proposition illustrates only 
the effect of the demand side on capacity. 
If they are shipping equal-value loads, ship- 
pers on long-haul routes will have higher 
inventory and production costs than ship- 
pers operating over short-haul routes. 
Long-haul shippers will, therefore, pay a 
higher premium for capacity in the trucking 
industry than will short-haul shippers, and 
the premium is higher the longer the ship- 
ping distance. If the capacity premium rises 
„more rapidly with distance than does the 
marginal hauling cost, then long-haul 
routes will operate with a larger fleet of 
trucks relative to number of loads shipped 
than will short-haul routes. Average cost 
per load mile will not decline with distance 
if the shipper’s premium for capacity is such 
as to bid down the truck utilization rate suf- 
ficiently to offset the low hauling cost per 
mile. The ratio of waiting time to total 
shipping time will be lower the longer the 
Joute and the ratio of price to marginal cost 
gienen Thus, if rates are based on average 
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or marginal hauling cost per load mile, then 
longer routes may receive poorer service 
than they would receive under competitive 
pricing. 


VII. Concluding Remarks 


While the competitive firm in the usual 
constant-quality certainty theory is as- 
sumed to be a product-price taker, this 
assumption must be modified when uncer- 
tainty and variable quality are present. 
What we have shown here is that the ap- 
propriate assumption for the uncertain 
variable quality case is to require the firm 
to be a full-price taker. This full price as a 
parameter model implies that the firms are 
waiting-time takers for any level of trans- 
port price. That is, if the firm takes any 
action which, given its transport price, 
changes its waiting time, the net arrival rate 
changes until the market determined level 
of waiting time is restored. l 

Within the context of this approach we 
have derived the equilibrium conditions for 
a competitive firm operating on a road be- 
tween two points. The resulting optimal 
pricing structure implies that shippers at the 
higher traffic point pay the marginal haul- 
ing cost plus the marginal congestion cost 
at that point less the reduction in conges- 
tion at the low traffic point. The magnitude 
of these charges is directly proportional to 
the value of time at the two points. 

Significantly, the shippers at the lower 
traffic point still pay a congestion charge in 
addition to the marginal hauling cost. That 
is, even here an additional shipper imposes 
a cost on the other users of the system by 
increasing the probability that they will 
have to wait and by increasing the expected 
length of wait when they do wait. These re- 
sults are in direct contradiction to the 
usually asserted optimal pricing for such a 
system wherein it is claimed that the shipper 
at the low traffic point should pay only 
marginal hauling cost. 

The reason our results differ so from the 


- traditional results is the fact that we have 


explicitly accounted for the effect of the 
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mean flow through the system on quality. In 


the case cons:dered here this quality was 
represented by waiting time. Thus an in- 


crease in the rate of use of the system de-- 


creases its qua.ity for fixed capacity since it 
increases the expected wait. Moreover, this 
deterioration in quality occurs even when 
traffic intensity rises at the low traffic point. 

The fact that the congestion charge is 
positively related to the value of time indi- 
cates that even if the marginal hauling costs 
of two commodities are equal, their respec- 
tive equilibrium transport charges will in 
general be unequal. In fact, the commodity 
with the higher value per unit load will pay 
higher transport charges and receive in turn 
lower waiting time or, put differently, a 
higher quality product. In this way a com- 
petitive truck <ransport system minimizes 
the total cost of transporting the sum of 
all commodities. 
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The purpose of this paper is to study the 
hort-run relationship between output and 
inflation in the context of a macroeconomic 
odel. Although a considerable number of 
conomists have studied this subject, mainly 
from the point of view of the Phillips curve 
theory, most of them have made use of ad 
oc hypotheses regarding the process 
through which expectations are formed. 
Other economists (for example, Robert 
Lucas, and Thomas Sargent and Neil Wal- 
lace) have studied the same subject and 
have postulated a rational expectation hy- 
pothesis for analyzing the short-run trade- 
off between inflation and output and for 
testing the “natural rate” hypothesis. 

The analysis of this paper is similar to 
that of Lucas, and Sargent and Wallace. In 
fact, the analysis in Section I starts with the 
assumption that the model previously 
postulated by Sargent and Wallace is an 
appropriate theoretical framework for 
analyzing the short-run relationship be- 
tween prices and output. That section pre- 
sents the underlying model as well as some 
of its main limitations and implications. 

In Section II a summary of the results of 
the structural analysis of the model is pre- 
sented as well as the estimation procedure 
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followed in order to obtain the estimates for 
the structural equations of the system. Sec- 
tion HHI presents some estimates based on 
the available information for Argentina and 
Brazil. Finally, concluding remarks are 
made in Section IV. 


I. The Macroeconometric Model 


The model to be analyzed in this section 
is a standard macroeconomic model in 
which expectations will be assumed to be 
“rational” in the sense of John Muth. This 
assumption was incorporated in similar 
models by Sargent, and Sargent and Wal- 
lace. In this paper some modifications are 
introduced in order to arrive at a directly 
estimable relationship for a short-run out- 
put-inflation tradeoff, 

The model consists of the following three 
equations: 

Aggregate supply: 


(1) yy = Yar + ACh — pts) 
+ kyi - Ynt-1) Uy a>O 
Aggregate demand: 


(2) y= Yar + B+ clr, 


— QP- ~Pa) + uy, ¢ <0 
g>0 
Portfolio balance: 
(3) Om, = P + ye + br, + uy, 
-0 <b<0 


In these equations y,, p,, and m, are the 
natural logarithms of real income, the price 
level, and the nominal stock of money; g is 
a constant; and the u; (i = 1,2,3) are dis- 
turbance terms with zero means that may 
be serially and contemporaneously corre- 
lated. The variable y,,, is a measure of nor- 
mal productive capacity that will be repre- 
sented by the trend in real output in the 
empirical application of the model. There- 
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fore, Yı — Yar = Yer represents cyclical or 
“‘detrended” output. The variable „př 
represents the public’s expectation at time t 
of logarithm of the price level expected to 
prevail att + 1. The variable r, is the nomi- 
nal rate of incerest. 

Equation (1) is an aggregate supply equa- 
tion relating detrended output to the gap 
betweer: current price level and the public’s 
prior expectation of the current price level. 
In this equation lagged detrended output 
indicates tha: deviations of aggregate sup- 
ply from normal capacity may display some 
persistence. This same equation was postu- 
lated and used by Lucas. 

Equation {2) is an aggregate demand 
equation which relates the deviation of 
aggregate demand to the real rate of inter- 
est, which in turn is represented by the 
nominal rate of interest minus the expected 
rate of inflation. This equation, used by 
Sargent and Wallace, differs from the one 
used by Sargent in its definition of the real 
rate of interest. Sargent uses the usual defi- 
nition, that-is, 7, — Qipi — p). How- 
ever the definition stated in equation (2) 
seems more plausible in that demanders at 
time t do not observe p,, so they have to 
anticipate it. Notice that this is not incor- 
sistent with the inclusion of p, in (1), be- 
cause equation (1) does not imply that sug- 
` pliers observe the general price level, but is 
derived from an aggregation of the response 
of individual suppliers, who only observe 
the prices in their markets and not the gen- 
eral price level (see Lucas, pp. 327-28). 

Some limitations of equation (2) are 
stated in Sargent as follows: 


[A]n important thing about equation 
(2) is that it excludes as arguments both 
the money supply and the price level, 
.... This amounts to ruling out direct 
real balance effects on aggregate de- 
mand. It also amounts to ignoring the 
expected rate of real capital gains on 
cash holdings as a component of the 
disposable income terms that belong in 
the expenditure schedules that underlie 
equation (2). Ignoring these things 
is usual in macroeconometric work. 

[p. 435, fn. 15] 


Another aspect of this model is the lack 
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of symmetry between equations (1) and (2) 
That is, only suppliers have explicit mispe 
ceptions of prices and only demanders hav 
explicit responses to change in the real rat 
of interest. However, the effect of th 
neglected variables in each equation coul 
be captured implicitly if they induced som 
stable stochastic process in the error terms. 

Equation (3) is a demand for money rela- 
tionship with unit real income elasticity— 
an assumption that 1s not crucial and will 
be relaxed. It summarizes the condition for 
portfolio equilibrium. In other words, when 
equation (3) is satisfied, owners of bonds 
and equities are satisfied with the division 
of their portfolio between money (assumed 
to be exogenous) on the one hand, and 
bonds and equities on the other hand. The 
@ is a polynomial in the lag operator (that 
is, $= ġo + 62+ ¢17+..., where 
@ + o +... = 1) introduced in an effort 
to capture the effects of lagged changes of 
m, on nominal income.' The degree of this 
polynomial will be determined empirically. 

On purely theoretical grounds, there is 
not a strong justification for the existence 
ofa lagged response of nominal income - 
changes in the quantity of money. However; 
the existence of lags is confirmed in most of 
the empirical work that relates money and 
prices. 

The workings of the model can easily be 
illustrated. Consider for the moment only 
equations (2) and (3) that resemble the sim- 


! Equation (3) can be derived from the simple quan- 
tity theory, that is 


I 
(a) noy =M 


Now in order to capture the lagged effect of M, on the 
left-hand side, we have to specify something like 


I 
Ye = SMe Miis M-25.) | 
t 
and a specific construction is 
I 
(b) rn: y 7 oP (¢ in M,) 
t 
where ¢ is polynomial in the lag operator (notice that - 


if @ = 1 we get (a)). Assuming (1/V,) = exp (dr,) ard 
taking fogs on both sides of (b) we get equation GME, 


the text. 
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le textbook IS-LM model and leave aside 
fie problem of how expectations are 
ormed, Equation (2) corresponds to equi- 
ibrium in the real sector and relates real 
ncome to the real rate of interest, that is, 
he JS curve. Equation (3) refers to equilib- 
ium in the monetary sector usually repre- 


ecause we have two equations and three 
ndogenous variables, y, p, and r. This 
roblem is solved in the standard textbook 
nalysis by assuming either that prices are 
igid so the shifting of the 7S and LM 
curves affects real output (this would be the 
implest Keynesian model), or assuming 
hat the economy is at full employment so 
he shiftings of the JS and LM curves would 
nly affect prices (this would be the simplest 
uantity theory approach). In our case we 
olve the problem of joint determination of 
rices and output through equation (1) 
hich in turn adds an important feature to 
he model: namely the relationship between 
utput and price misperceptions. 

_To complete the above model we should 
Becify how expectations are formed, This 
s a delicate matter. It is customary to pos- 
ulate different ad hoc hypotheses about the 
ormation of expectations. The most popu- 
ar version is the Cagan hypothesis of adap- 
ive expectations, although the explanation 
or its use was confined to the fact that 
daptive expectations seemed reasonable 
nd proved useful in explaining data. The 
ypothesis of rational expectations used in 
his paper follows John Muth’s proposal 
that expectations are informed predictions 
future events based on the available in- 
Formation and the relevant economic 
theory. This has one strong implication— 
the economist who is modelling an econ- 
omy does not have a superior knowledge 
of the “reality.” This view is in turn con- 
firmed by the fact that samples of predic- 
tions “are more accurate than naive models 
and as accurate as elaborate equation sys- 
tems” (Muth, p. 316). Thus, our model is 
completed with the following equations: 


= 
4 Pai = Ep, 
| | t+1 Pt = Epes 


{ 
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where Ep, is the conditional mathematical 
expectation of p, formed using the model 
and all the informatioii assumed to be avail- 
able as of the end of period t — 1 (hereafter 
the E operator will always be conditional on 
the information available as of the end of 
period t — 1). 

After some algebraic manipulations of 
the model, the following two equations for 
expected prices can be obtained: 


(6) Ep, = [1/0 — 6) >, 


j=0 


[1/0 — bpm; 
"EA ERA) 3 

k- 
[KZO = Byer 4 + co 


(7) Ep = [1/(1 — b) 2. 
[H0 - bH [Lomi 541 S Yn,t+j+1] 


+ (Af =A 2 
bo 


“[k/U - DA reer + Co 


In these equations Jp, J3, and co are con- 
stants that are complicated functions of the 
structural parameters of the model.” 

From these equations, it is easy to illus- 
trate the process of formation of expecta- 
tions. Assume for a moment that b = 0 
(that is, that the interest elasticity of the 
demand for money is zero). Then, after 
taking first differences (D operator), equa- 
tion (6) can be reduced to 


(8) EDp, = ¢EDm, — (B + kDy.1-1) 
+ ¢ Dm, + ġa Dm- +... 


= Ynr+jl 


2The algebra for obtaining equations (6) and (7) is 
similar to the methodology developed by Sargent and 
Wallace. For a complete derivation see the author, 
Appendix A. 
= [a + c/(1 + cb~!))/@ 
J3 = —k/6 
6=a+cb'/ + cb) 


D >, 0/0 -b79 
j=0 


cq = [g/e(b— — 
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where f is the slope coefficient of the trend 
in real output and J3/(1 — Jo) = —k when 
b = 0. Equation (8) clearly shows that the 
expected rate of change of prices depends 
upon the expected rate of change in the 
money supply in period t; the natural rate 
of growth in output (@), a term in the cycli- 
cal component of output in t — 1; and past 
rates of change of the money supply. If 
b = Othe results are not far from the quan- 
tity theory in expectation form, although 
the algebraic expression répresenting the 
expectation formation process is more com- 
plicated. 

The money supply process which forms 
the basis on which the public makes its 
forecasts of the future path of m,,; is of par- 
ticular relevance.? The empirical analysis of 


3In searching for a process determining the money 
supply we can choose either to postulate a model for 
the money supply by relating it to a set of “‘predeter- 
mined variables” relative to the model (1)-(3) (so m 
still remains as if it were exogenous or determined out- 
side of the system (1}-(3)) or, we can identify a Box- 
Jenkins ARIMA process. It has been customary in the 
economics profession to call these models “naive 
models” because of the rather simple structure by 
which only past values of a variable are used to pre- 
dict future values of the same variable. However, it 
has recently been shown (see Zellner and Palm) that 
these models might not be naive at all. Indeed these 
models {the ARIMA models) represent the “final 
form” for a variable implied by a highly sophisticated 
model. I will briefly illustrate this point with a model 
for the nominal money supply. Let us assume that in a 
given country the money supply is generated by the 
following relationship 


(a) Dm, = ce; +c; Dm; + b Dg, +e Dy + 


where g, could be zhe federal budget relative to lagged 
GNP, x, could be the lagged balance-of-payments sur- 
plus relative to GAP, and v, an error term stochasti- 
callv independent of the errors in the structural equa- 
tions. In our case £j, b), and e; are assumed to be con- 
stants for simplicity, but in a more general analysis, we 
could assume @;, bj, and e; to be polynomials in the 
lag operator. Now we shall show that equation (a) im- 
plies a final equation for m, that is in the form of an 
ARIMA process. Equation (a) can be written as 


b ad- a, L) Dr = ci + bi Dg, + e, Dx, + ¥; 


Let the predetermined variables g, and x, follow any 
process over time. That is, both could follow a random 
walk or one could follow a random walk and the 
other a given ARIMA process, etc. To illustrate the 
problem at hand we will assume that 
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Section III considers two processes as deter- 
mining the money supply: The first is an 
ARIMA process that in its “inverted form”: 
is | 


(9) Dm, = my Dm, + w,Dm,_> 
T T3 DM, -3 aces 


where the ws are parameters. The second 
process will be a model of the form 
(10) Dm, = mi Dm,_; + 732, + t 
where m; can be a parameter or a polyy 
nomial in the lag operator and r; can be~a, 
row vector of parameters or a row vector o 
polynomials in the lag operator while z, is a 
column vector of predetermined varizbles. 
The empirical tests will not be carried out 
directly in the form of equations (9) and 
(10) but indirectly through the transfer 
functions of the next section. 


Il. Towards an Empirical Test of the Model 


In this section I outline the method used 
to estimate the structural equations of thé 





Dg,: ARIMA (2,1) or 
Dx,: random walk or 


$ (2) Dg, = (1) 4, 
$ (0) Dx, = (CO) vn 


where the v’s are stochastically independent of the dis- 
turbances in the structural equations. Multiplying both 
sides of (b) by (2) 6(0) we have 


(c) (1 — a, L)6(2) 6(0) Dm, = $(2)4(0)c 
+ bO(CO)A(I) yj, + eG(2)A(O) va, + (2) G0) y, 


In this last expression we notice that we have obtained 
an ARIMA (3, 2) process (if no cancellation occurs) 
for m, as implied by equation (a) and the assumption 
for the predetermined variables g, and x,. This clearl; 

illustrates that if we obtain the process ARIMA (3, 2 

for m, this is not a naive model at all, but on the 
contrary it could be reflecting the “true” model gov- 
erning the behavior of the money supply. The above 
discussion demonstrates that- we cannot talk about 
“alternative models” when we evaluate a model of the 
sort of equation (a) with respect to a model like (c) 
because this could be the final form of (a). While we 
have considered it appropriate to check empirically 
the ARIMA hypothesis for m, as well as a model of the 
sort implied by equation (a), no further attention is 
given to the “theory of the money supply” that under- 
lies our hypothesis of the money supply process, a sub- 
ject that goes beyond the scope of this paper. B= 


2 








VOL. 67 NO. 4 


Yodel. Two points are jointly developed, 
ne is the computation of expected prices 
nd the other is the endogeneity of p, that 
recludes the straightforward estimation of 
quation (1) using ordinary least squares.‘ 

At the estimation stage we shall concen- 
rate on equations (1) and (3). The main 
roblem with equation (2) is the variable r,, 
for which we do not have data for some 

countries (for example, Argentina and Bra- 
zil). This problem is eliminated in equation 

3) because it is assumed that variation in 
¿is dominated by variation of the expected 
kate of inflation, and the public’s forecast 

ofthe rate of inflation (based on informa- 

ra available at t — 1) is used as a proxy 
for n. It is obvious that this substitution 
cannot be made in equation (2): the term 

(r, — (Qip — tp®,)) would vanish when 

n is replaced by ,,,;p*,, — ,p*,. Neverthe- 
ess, the system formed by equations (1) and 

(3) is perfectly determined when a proxy is 

oe forr,,letussay,r{ = Dp* = „ipi — 

Pe... 

Let us first consider equation (i), We 
know that a direct estimation of this equa- 
ko is not possible because p, and y, are 
jointly determined and , p*., is not observa- 
ble. Thus, in this section our objective is to 
obtain an estimable relationship in place of 














4Some testable implications of the model can be 
derived from a structural analysis of the system. This 
analysis, following the method suggested in Zellner 
and Palm, is presented in the author where the final 
equations of the system (1)-(5) were derived and com- 
pared with the data. Also in that work a variant of the 
system is analyzed in which an adaptative expectation 
hypothesis was used for prices. This version was in- 
minpatible with the available information for both 
rgentina and Brazil while the rational expectations 
version of the model (system (1)-(5)) was compatible 
under certain conditions. As shown in the author, 
given a system of structural equations, we can work 
out the “final equations” for the variables of the sys- 
‘tem. These are in the form of ARIMA processes. On 
the other hand, we can identify the ARIMA processes 
for the variables using the available information on 
‘each variable. If the structural equations of the model 
are correct, the final equations derived for each en- 
dogenous variable should have the same structure that 
| the ARIMA processes identified for those variabies 
from the available information. If this is the case, we 
that the model is compatible with the available 


sa 
“information. 
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(1), making use of the relationships pre- 
viously developed. 

In equation (6) we obtained an expression 
for the expectations formation process in 
which the expected /og of the price level in 
period t was determined by the /og of the 
money supply expected to prevail in period 
t, by the trend in the Jog of real output, and 
by the detrended /og in real output in period 
t — 1. Clearly, the actual log of the price 
level differs from the expected value by a 
random component, say us, SO we can write 


(11) 


Then our hypothesis implies that the ex- 
pected p, is computed as if the public at- 
tempted to obtain an optimal unbiased 
forecast of p, using equation (6). Combining 
(11) and (6) we can write 


Pi = Ep, + Ug, 


(19 p= 0/0 - 22 1/0 -b7 
£ 
(Edm; — Yaral + [3/0 -— J) 


-JO [K/L — byari + Co + uy 


j=0 


In (11) we have a term in Eġm,,;. Devel- 


oping this term for j = 0, 1,..., taking ex- 
pectations and recalling that 
$ =x Po + o,L + Q L? + , we have 
Eom,,; = Edom, + QM, 

+ dom» +... j= 0 


Eom,,; = Edom, + Edm, 


+ @2M,_1; +... j=! 

Eom,,; = Edom, +2 + Edm, 
+ Egam, + QM... j= 2 
Recall that the E operator is conditional 
on the information in period t — 1, so 
Em,_, = m,_, and so on for periods before 


period t — 1. Now provided that we use the 
process (9) to obtain Em,,;, j = 1, 2, 

we notice that the forecasts of m, are ob- 
tained through linear combinations of m,_, 
M2, M,_3,.... These linear combinations 
should be combined with the other terms in 
Miis M2, M,_3,... that appear because of 
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the lagged response of prices to changes in 


mM, and with Yat J = 1,2,... and Yeti to 
forecast p,. Then we can. rearrange the terms 
in Miis My_2, M3, -.. , and rewrite (11') 
as 


Ci") p= v(L)Lm, - (1/0 - 4)) 


asa = DY Yane + (3/0 - Jo) 


j= > 


Š (K/A -b Yeri + Co +U 


s. 


where v(L) is a polynomial in the lag op- 
erator (Lx, = x,.,) capturing the effect of 
all the linear combinations on past values of 
m, on p 

The first difference form of this equation 
is 


(11) Dp, = WL)LDm, + Ao Dyen-1 
“+ e+ Us, 


where e accounts for the term in y,,,,; after 
differencing (recall that y,, is a trend and 
differencing it yields the slope coefficient of 
the trend line) and Ao. represents the coeffi- 
cient of Yer- 

To estimate (11°) we have to consider 
ihe problem of collinearity, especially in the 
case of qua-terly data, where a reasonable 
lag of two years would imply that m, should 
be lagged eight times. A way of dealing with 
equation (11°) is to consider it to be a mul- 
tiple input transfer function.” The transfer 
function form of equation (11%) can be 
parsimoniously (in terms of the number of 
parameters) represented by 


wi (L) „ W2(L) 
(12) Dp, = BL) LDm a(l) 
OL) 
LDy.. + SE) U, + C 


The estimation of (12) can be done using 
the Marquardt algorithm, and the forecasts 


5The analysis of transfer functions can be found in 
chapters 10 and 11 of Box and Jenkins. A derivation 
of transfer functions, for a simultaneous equation 
model different from the one presented in this paper, 
can be found ir Zellner and Palm. 
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made using the estimated version of (12) a 
minimum mean square error forecasts 
Then, from (12) we can obtain a series 
“expected prices.” We now need to co 
pute a series of ‘actual prices.” Recall th 
in equation (1) we cannot compute the di 
ference p, — ,p*, and estimate that rel 
tionship, because in our model both p, an 
Yc, are endogenous. Also by straightfo 
ward algebra (using (6), (7) and D) we o 
tain 

















wi (L) w3 (L) - 
(13) Daa a Bite a EP Mes 
"D y 
* or) “* 


where the meaning of the notation is th 
same as in equation (12). Notice that th 
main difference between (12) and (13) is th 
in (12) m, appears lagged one period. 

Now recall that equation (9) represen 
the hypothesis that the money supply fo 
lows an ARIMA process. If we use assump 
tion (10) for the money supply, then equ 
tions (12) and (13) should be extended te 
include terms in the components of z. ~ 

Although the algebraic analysis is rathé 
long, its intuitive interpretation is quit 
straightforward. The rational expectatio 
feature of the model implies that the publi 
forms their expectations using the informa 
tion available at the end of period t — 1. I 
forming these expectations, the money sup 
ply expected to prevail in future periods i 
important, and it is assumed that the publi 
forecasts future valués of m, by considerin 
the history of m, available at t — 1 (as wel 
as other variables if (10) is used). But-tiy 
history of m, is not only relevant for for 
casting future values; the recent past value 
of m, also directly affect the price level be 
cause of the lagged response of prices t 
changes in the money supply. This is als 
considered in the expectations formation 
process. Equation (12) is oriented to cap- 
ture this process. 


6The computer programs for estimation of transfe 
functions were provided to.the author by Charles Wel 
son. a tes 


ne 
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; Equation (13), although very similar to 
(12), is quite different. It is a reduced form 
for p,, implied by the system (1)-(5) and the 
assumption in (9) or (10) for the money sup- 
ply. In (13), m, directly affects the price 
level. The economy as a whole need not 
forecast m, it is an exogenous variable de- 
termined by monetary authorities in period 
t which will have an immediate effect on p,. 

The fitted values for p, from (13) will be 
introduced in (1) in place of p, and the fitted 
values of (12) will be introduced in (1) in 
Ta of , pë, in order to estimate equation 

(1) 


Now consider equation (3). This equation 


assumes that the real income elasticity of 


demand for money is one. This assumption 
need not be maintained since all the alge- 
braic expressions that we obtained before 
can be rearranged to include an additional 
parameter (the real income elasticity of the 
demand for money). Hereafter we will relax 
this assumption by writing (3) as Y, = 
om, — bri — uy, where Y, = p, + iyu i rep- 
resenting the real income elasticity of de- 
mand for money. It should be noticed that 
“ifi = 1 then Y, is the /og of nominal income. 
Then the system (1)-(3) can be interpreted 
as follows: equation (3) determines nominal 
income and equation (1) determines the 
division of nominal income between 
changes in prices and changes in output. 
For analyzing the cases in which i = 1 we 
will evaluate the results for three cases: 
i = 0.5, 1.5, and 2. An attempt was made to 
estimate į using an ARIMA process as the 
the instrumental variable for Dy,. The re- 
sults, however, were not reliable because y, 
behaves almost like a random walk. At the 
estimation stage, equation (3) will be ex- 
pressed in the form of a transfer function 
with all variables in first difference. The 
transfer function form will allow us to esti- 
mate the lag structure induced by the poly- 
nomial lag operator œ. 


MI. Empirical Results 


« In this section we proceed to test and esti- 
{mate the model presented in Section II and 


{ 
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III with the available data for Argentina 
and Brazil. First, we construct a series of 
expected prices on the basis of the results 
obtained in fitting equation (12). Second, 
we construct a series of actual prices from 
the reduced form for prices—equation (13) 
(recall that this step is necessary in order to 
avoid the problem of simultaneity in esti- 
mating equation (1)). “Actual prices” 
minus expected prices give us the misper- 
ceptions of prices required for estimating 
equation (1). Finally, we estimate equation 
(3) under different assumptions with respect 
to the real income elasticity of the demand 
for money, using a proxy for the interest 
rate. 


A. The Data 


All the data for Argentina were obtained 
from International Financial Statistics (IFS) 
and Boletin de Estadistica. They include 
quarterly data for the index of industrial 
production, wholesale prices, currency and 
demand deposits, wages set in collective 
bargaining and the balance of trade (ail sea- 
sonally adjusted by the method of moving 
averages). The observations relate to the 
period 1956-I to 1973-II (this period was 
chosen in order to base the analysis on the 
maximum number of observations avail- 
able for the index of industrial production.’ 

The /og of the index of industrial produc- 
tion for Argentina was detrended splitting 
the data into two parts: from 1956-I to 
1962-IV and from 1963-I to 1973-II. This 
was done because there is no trend in real 
output in the first period, and if a single 
trend line were fitted to the whole period we 
would lose most of the cyclical fluctua- 
tions.® 


7The index of industrial production is used for Ar- 
gentina as a proxy for real income because it is more 
reliable and comprehensive than existing series of real 
output. For Brazil the only available information 
corresponds to real output. 

8Asa matter of fact, this was exactly the procedure 
originally followed. The procedure was abandoned be- 
cause the detrended output obtained in this manner 
showed an initial period in which output was mostly 
above the trend, a second period of almost “seven 
years” in which output was below the trend, and a third 
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TABLE 1—ESTIMATED TRANSFER FUNCTION FOR EXPECTED PRICES 
‘(Estimates of Equation (12)) 


Residual Sum 
of Squares 
(RSS); Degrees 
of Freedom 
(DF); Estimate Dummy Balance 
RSS/ DF; of or of 
Model Estimates of the AR and MA parts Adj. R2 Dy,+-,; Constant Wages Trade 
Argentina 1956-I-1973-II 
(1) Dm: 0.492/(1 — 1.041L + 0.78517) 0.122293 -0.,006 0.011 
(0.129) (0.082) (0.087) 59 (0.094) (0.012) — 
u: 1/(1 — 0.402L — 0.25227) 0.00207 
(0.133) (0.130) . AT 
(2) Dmi: (0.693 — 0.317L)/Q — 1.1124 — 0.71927) 0.117639 -0.060 0.011 
' (0166) (0.221) (0.135) (0.102) 57 (0.104) (0.013) 
u; L/(1 — 0.376L — 0.2711?) 0.00206 
(0.135) (0.131) 48 
(3) Dm: 0.613/(1 — 1.009Z + 0.741L7) 0.116154 -‘-0.022 0.006 0.044 -0.004 
(0.146) (0.099) (0.098) 59 (0.091) (0.009) (0.081) (0.001) 
u: L/(l — 0.436L) 0.00197 
10.124) 49 
Brazil 1955-I-1971-IV 
(1) Dm,_;: 0.188/(1 — 0.723L) 0.066609 -0.009 0.016 
(0.122) (0.174) 60 (0.077) (0.024) 
u: 1/(1 — 0.520L) l 0.00111 
(0.116) 46 
(2) Dm: 0.199/( — 1.388L + 0.556L7) 0.065183 -0.012 0.013 
(0.099) (0.662) (0.578) 59 ' (0.078) (0.023) 
u: 1/1 — 0,508L) 0.00110 
(0.116) 46 
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Notes: The IMF was the main source of monetary, pricz, and industrial production data. For Brazil, real output — 
was obtained from Goncalves, The terms AR and MA represent the autoregressive and moving average parts, Te- 
spectively, of the rational polynomials. Large sample standard errors of the parameters are beneath them in 


parentheses. 


The data for Brazil were obtained from 
two sources: International Financial Statis- 
tics (IFS) and Goncalves. From the IFS I 
obtained the series of wholesale prices (ex- 
cluding coffee) end currency and demand 
deposits. From Goncalves I obtained a 
series of quarterly real output. All the ob- 


period where cutput was above the trend. A detailed 
explanation about some institutional aspects that 
could explain tne difference in the trend of real output 
above mentioned can be found in the author, pp. 36- 
39. 







servations relate the period 1955-I to 
1971-IV (this period was chosen in order to ° 
base the analysis on the maximum number 
of observations available for real output). 
The data were seasonally adjusted by the | 
method of moving averages. ! 
All the variables were expressed in first 
difference of logs prior to estimation except | 
the balance of trade. This variable was com- |! 
puted as the log of exports minus the log of 
imports because of the impossibility of tak- 
ing fog of a negative number in the case off 
trade deficits. ` 


sy 


j 
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B. Estimates of the Transfer Function 
for Expected Prices 


In Table 1 the estimates obtained for 
equation (12), are presented. This is the ex- 
pression that determines expected prices.’ 
These models have been selected from a 
larger number of models with different lag 
structures and different error terms. The 
selection has been carried out using the like- 
lihood ratio test proposed by Arnold Zell- 
ner and Franz Palm. 

Models (1) and (2) for Argentina assume 
that the money supply follows a process as 
represented by equation (9), and model (3) 
considers the assumption implied by (10). 
In model (3) we have computed the transfer 
function with wages and balance of trade as 
input variables. We see from Table 1 that 
in the case of Argentina there is a slight re- 
duction in the residual variance (RSS/DF) 
and a small increase in the adjusted R? 
when passing from model (1) or (2) to 
model (3). At the bottom of the table we 
present the results obtained for Brazil where 
an insignificant reduction in the residual 
variance is observed when we go from the 
simple lag structure of model (1) to the 
more complex lag structure of model (2). 


C. Estimates of the Reduced Form for Prices 


Table 2 shows the estimates of the trans- 
fer functions for prices (that is, equation 
(13)). Here again, for Argentina models, (1) 
and (2) incorporate assumption (9) for the 


The column headed “dummy” corresponds to the 
constant c in equation (12). The dummy appears in the 
empirical results for Argentina because the constant ¢ 
is a term in the slope coefficient of the trend line for 
output. When we split the data into two periods, with 
a different slope coefficient in each period, a dummy 
with value of one from 1956-I to 1962-IV and two from 
1963-1 to 1973-II was incorporated in the transfer 
functions takes into account the correction for degrees 
in trend. 

l0The adjusted R? reported in the tables for transfer 
functions takes into account the correction for degrees 
of freedom. That is, 


n-i 


| — R? adj = (1 — R?) 





n — 


N 
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money supply while model (3) incorporates 
assumption (10). In both Tables | and 2 the 
coefficient of the Balance of Trade variable 
is significantly different from zero at the 5 
percent level. Only in Table 2 does the 
Balance of Trade variable have an esti- 
mated coefficient with the positive sign that 
the theory predicts. 

In the case of Brazil we observe again 
that no appreciable reduction in the re- 
sidual variance is obtained in going from 
the simple lag structure of model (1) to the 
more complex lag structure of model (2). 

In both Tables 1 and 2 the estimates for 
the variables Dy,,_; and dummy or con- 
stant are small numbers, not significantly 
different from zero. This is not in contrast 
with the theoretical model because these 
parameters can indeed be close to zero (see 
equation (11%). | 


D. Estimates of the Aggregate Supply 


Recall that Table 1 provides the estimates 
of equation (12) which in turn allow us to 
obtain a series of “expected prices” needed 
to estimate equation (1) of our original 
model. By the same token, equation (13) 
whose estimates are given in Table 2 pro- 
vides us with a series of “actual prices” to 
estimate equation (1). Then the next step is 
to compute a one-step ahead forecast from 
(12) that would give us a proxy variable for 
t P13; similarly a one-step ahead forecast 
from (13) would give us a proxy for p,. The 
difference between the proxy of p, and the 
proxy for, pë., is introduced in equation (1) 
in place of ( p, — , p), and the estimation 
of this equation provides us with an esti- 
mate of the slope coefficient of our short- 
run Phillips equation. Table 3 shows the 


` results obtained by this procedure and indi- 


cates the different models used for forecast- 
ing prices and reduced forms used for 
prices. On testing the significance of the 
Phillips parameter for Argentina using a 
two-tailed test we notice that at the 5 percent - 
level only regression (5).shows an estimate 
significantly different from zero. Using a 
one-tailed test (the alternative hypothesis is 
that the parameter is greater than zero), 
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TABLE 2—ESTIMATED TRANSFER FUNCTIONS FOR PRICES 
(Estimates of Equation (13)) 


Model Es-imates of the AR and MA parts 
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Argentina 1956-I-1973-II 


(1) Dm: 0.422/(1 — 1.216L + 0.773L7) 


(0.112) (0.102) (0.103) 
m: WU — 0.400L — 0.2161?) 
(0.133) (0.132) 


(2) Dm: 
(0.160) (0.202) (0.104) 
u: 1/0 — 0.365L — 0.280L°) 
(0.135) (0.132) 


(3) Dm: 
(0.180) (0.229) 

Uy 1/0 — 0.438 L) 
(0.124) 


(0.116) 


(0.224 + 0:346L)/(1 — 1.073L + 0.763L°) 
(0.091) 


(0.207 + 0.435L)/(1 — 1.054L + 0.749L?) 
(0.098) 


Brazil 1955-I-1971-IV 


(1) Dm: 9.212/0 — 0.7162) 
(0.117) (0.155) 
u: 1⁄1 — 0.511 L) 
(0.113) 
(2) Dm: 0.119/(1 — 1.389 + 0.54627) 
(0.190) (0.630) (0.611) 
Uy: 1/0 — 0.4982) 


(0.115) 


Notes: See Table 1. 


estimates of regressions (3), (4), and (5) pro- 
vide evidence for rejecting the null hypothe- 
sis at the 5 percent level of significance. In 
all the cases the Box and Pierce Q-statistic 
is in favor of rejecting the hypothesis of 
autocorrelation of residuals."! 

It is convenient at this stage to take a 
closer look at the estimates of Table 3. Re- 
call that the estimate of parameter a is an 


iiThe Q-statistic is calculated from the first K auto- 
correlations rg (kK = 1,2,..., K). If the fitted model is 
appropriate, m 


Q(X) = n>, r? 


k=! 


d 
Residual Sum 
of Squares 
(RSS); Degrees 
of Freedom Estimate Dummy Balance 
(DF); RSS/ DF; of or of 
Adj. R? DYe -1 Constant Wages Trade 
0.125758 0.049 0.004 
59 (0.095) (0.012) 
0.00213 
45 
s 
„A 
0.116639 0.030 0.004 : 
57 (0.103) (0.012) 
0.00205 
48 
0.113562 0.010 -0.003 0.018 0.003 
57 (0.095) (0.010) (0.084) (0.001) 
0.00199 
49 
0.064908 —0.004 0.010 
61 (0.049) (0.023) l 
0.00106 : 
47 y 
0.064130 —0.005 0.008 
60 (0.076) (0.022) 
0.00107 
47 


estimate of the slope of the Phillips curve. 
Our results for Argentina indicate that _ 
there is some evidence in favor of a short- 7 
run tradeoff between inflation and output 

given by the 95 percent confidence intervals 
for the estimates of regressions (3), (4), and 
(5). These are (—0.089, 0.991), (0.0, 1,384), 
and (0.001, 2,268), respectively. However 
the short-run tradeoff that we have found 


is approximately distributed as x? (k — p — q). If the 
model is wrong the value of Q will be inflated. In the 
case of Table 3, p = q = 0 because there are no auto- 
regressive or moving averagé parameters in the noise” 

model. + 


> 
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TABLE 3--ESTIMATES OF THE AGGREGATE SUPPLY EQUATION 
(Estimates of Equation (1)) 
Model Model 
for for 
Reduced Expected Adjusted Q- 
Form Prices a k. R2 Statistics 
Argentina 1956-I-1973-II 
(1) M Ma 0.877 0.564 .35 15.3 
(0.594) (0.102) l 
(2) M3 M, 0.647 0.574 34 16.5 
(0.578) (0.102) 
(3) M, M) 0.401 0.575 35 15.7 
(0.295) (0.102) 
(4) M) M 0.692 0.569 .36 14.2 
i (0.346) (0.101) 
(5) M3 M3 1.140 0.778 35 15.1 
- (0.564) (0.102) l 
Brazil 1955-1-1971-IV 
(1) Mi M, —0.272 0.664 430 15.1 
(0.919) (0.095) 
(2) M; Ma —0.492 0.660 433 16.0 
, (0.750) (0.095) 
(3) M, M, 0.842 0.657 433 14.5 
(1.328) (0.095) 
(4) M; M, —0.140 0.665 429 14.9 
(1.390) (0.095) 
(5) Actual Prices Mı 0.168 0.634 A37 15.8 
(0.178) (0.099) 
(6) Actual Prices Moa 0.153 0.638 436 15.5 
(0.172) (0.099) 


Note; Chi-Square values from table: x? (24) = 33.2 0.10 level of significance 


x?(24) = 36.4 0.05 level of significance 


The IMF was the main source of industrial production data for Argentina and Goncalves for Brazil. Standard er- 
rors of the parameters are in parentheses. The models used to represent prices and expected prices are symbolized 
in this table with the letter M and a subindex. Thus, Mha in the first column means that model (2) of Table 2 is be- 


ing used to represent actual prices in the aggregate supply equation. 


does not contradict the natural rate hy- 
pothesis of Milton Friedman. As equation 
(1) indicates, if prices are anticipated cor- 
rectly, output will remain in its long-run 
trend (or “natural” level). 

In the case of Brazil we notice that in 
equations (1), (2), and (4) the estimate of a 
is negative although not significantly dif- 
ferent from zero at the 0.05 level in a two- 
tailed test. Model (3) presents the right sign, 
but its a estimate has a large standard 
error that makes it not significantly dif- 
ferent from zero. In all the cases the value 
of the Q-statistics favor rejection of the 
hypothesis of autocorrelation in the re- 
_Ssiduals. 

In order to compare our results with 


other results obtained for Brazil by Gon- 
calves, I estimated the last two models of 
Table 3, where the actual prices were in- 
cluded instead of the forecast of the re- 
duced form for prices. Goncalves did a sim- 
ilar estimation under the assumption that 
the price level was exogenously determined 
(mainly due to strongly enforced price con- 
trols in most of his period of analysis). He 
worked with the period 1959-69 and used 
another hypothesis for expectations forma- 
tion. His results provide an estimate of a 
equal to 0.41 (standard errors are not re- 
ported in his work). When a dummy vari- 
able for the period 1961-I to 1963-II is in- 
cluded to capture the effect of price’ 
controls, his results shows a equal to 0.27, It 
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should be noted that this last result, ob- 
tained by Goncalves, is quite close to the 
estimates in mcdels (5) and (6) of Table 3. 
From our results for Brazil we must con- 
clude that the empirical evidence argues 
against a stable tradeoff between output 
and inflation even in the short run.” 


E. Estimates of the Transfer Function 
for Nominal Income 


Now we praceed to the estimation of 
equation (3) of our original model. Recall 
that in this equation we are using nominal 
income as the dependent variable when the 
real income elasticity of the demand for 
money is assumed equal to one; and we are 
using as dependent variable the term p + iy 
where i is the real income elasticity for all 
the cases in which it is assumed thati = 1. 
Also, we are using a one-step ahead forecast 
for the rate of inflation from model (1) of 
Table 1 as a proxy for the nominal rate of 
interest. 

The estimates for these transfer functions 
are presented in Table 4. In this table it is 
shown that in the case of Argentina when / 
is greater than one, both the degrees of the 
polynomials estimated and the error vari- 
ance are higher than when / is equal to or 
less than one. I have no explanation for this 
except, as mentioned above, Dy, is a very 


12]t is important to mention here an interesting re- 
sult obtained in tne work of Lucas (1973), He found, in 
a sample of 13 countries and working with annual 
observations, that “In a stable price country like the 
United States, then, policies which increase nominal 
income tend te have a large initial effect on real out- 
put, together with a small, positive initial effect on the 
rate of inflation. Thus the apparent short-term trade- 
off is favorable, as long as it remains unused. In con- 
.trast, in a volatile price country like Argentina, nomi- 
nal income changes are associated with equal, 
contemporaneous price movements with no discernible 
effect on real output” (see Lucas, pp. 332-33). Our 
results for Argentina and Brazil tend to confirm this 
finding and the underlying theory that specify that a 
favorable tradeoff bezween output and inflation de- 
pends upon “fooling” suppliers, a thing that becomes 
hard to do when the variance of the demand shifts be- 
comes large. 
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l 
noisy series and as i becomes large it mag- « 
nifies the noise of the series of “nominal in- 
come.” The last transfer function reported 
in Table 4 includes a second-order auto- 
regressive process for the error term which 
introduces an. appreciable reduction in the 
error variance. 

In the case of Brazil, when the real in- 
come elasticity is relatively large (1 or 1.5), 
the adjusted R”s are low. The largest R? is 
obtained with ¢ = 0.5 and with a second- 
order polynomial in the disturbance term. 

It should be noted that if the estimate for . 
the parameter a is assumed to be zero and if 2 
the real income elasticity of the demand for 
money is assumed to be one, our system re- | 
duces to a special formulation of Fried- | 
man’s Theory of Nominal Income. This can 
be explained as follows: if a is assumed 
equal to zero, equation (1) can no longer be 
used to break down the changes in nominal 
income (obtained from equation (3)) be- 
tween prices and output. So our system only 
explains nominal income. 

In this case, equation (12) determines the | 
price expectations (still under the hypothe- 
sis of rational expectations) that ete 
dominate the changes in the nominal rate of 
interest in equation (3). Recall that from 
(12) we obtain the proxy Dri for the nom- 
inal rate of interest. 


IV. Conclusions 


As indicated in the title of this paper, I 
have tried to explain the short-run dy- 
namics of prices and output. An indicator „ 
of the degree to which this objective has 7 
been achieved could be the part of the vari- 
ance in prices and output that has been ex- 
plained by the model. In other words, we 
could look at the R?s obtained in our 
transfer functions or regressions. For the 
case of Argentina, the R”s for prices and 
nominal income have been close to .50, 
while for detrended output the R?’s have 
been in the order of .35. In the case of 
Brazil we obtained Rs around .45 for 
prices, .30 for nominal income, and .43 for? 
detrended real income. Pa 


> 
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TABLE 4—-ESTIMATED TRANSFER FUNCTIONS FOR NOMINAL INCOME 
(Estimates of Equation (3)) 
Residual Sum of 
Squares (RSS); 
Degrees of Freedom 
(DF); RSS/ DF; Estimates 
Model Estimates of the AR and MA parts Adj. R2 of Dr; 
Argentina 1956-I-1973-II 
(1) Dm,: (1.021 — 0.264L + 1.283L2)/(1 + 1.739L + 0.596L7) 0.249863 0.565 
(i = 1.5) (0.269) (0.311) (0.247) (0.208) (0,234) © 56 (0.311) 
0.00446 
, 27 
(2) Dm,: (0.406 — 0.147£)/(1 — 1.4962 + 0.737L7) 0.140220 0.504 
(i = 1) (0.149) (0.182) (0.120) (0,106) 58 (0.213) 
0.00242 
38 
(3) Dm: (0.424 — 0.130L)/(1 — 1.4362 + 0.73717) 0.139771 0.475 
(i = 0.5) (0.165) (0.212) (0.120) (0.106) 58 (0.215) 
0.00241 
.38- 
(4) Dm,: (0.442 — 0.141 L)/(1 — 1.4072 + 0.722L7) 0.121832 0.266 
(i = 0.5) (0.194) (0.260) (0.176) (0.141) 54 (0.216) 
0.00225 
4] 
u: 1/(1 — 0.276L ~ 0.171 L°) 
(0.141) (0.150) 
Brazil 1955-[-1971-IV 
1) | Dm: (0.212 + O.103L + 0.34827) /(1 — 0,383L£) 0.377770 —0.093 
(i= 1.5). (0.348) (0.526) (0.521) (0.422) 57 (0.516) 
; 0.00593 
.093 
(2) Dm: (0.253 — 0.272L + 0.356L7)/( — 0.4191) ; 0.182688 0.115 
(i= 1) (0.255) (0.389) (0.359) (0.306) 57 (0.380) 
; 0.00320 
71 
(3) Dm: (0.292 — O161L + 0.366L7)/( — 0.4662) 0.095822 0.723 
(i = 0.5) (0.184) (0.285) (0.243) (0.213) 57 (0.375) 
0.00168 
293 
(4) Dm: (0.197 — 0.061L + 0.22127)/(1 — 0.6132) 0.086180 0.085 
(i = 0.5) (0.182) (0.272) . (0.251) (0.226) o 53 (0.350) 
0.00162 
342 
m: 1/0 — 0.2232 — 0.16927) 


(0.167) (0.169 ` 





Notes: See Table 1. 


Other indicators are the standard errors 
of the estimates and the t values. Standard 
errors have been reported in the tables of 
Section II. Not all the estimates of the 
parameters are significantly different from 
zero at the 0.05 level but many of them are 
indeed significantly different from zero at 


£ the 0.05 level in a two-tailed test. Other 
(estimates are small in absolute value and 


C 
7 
š 


not significantly different from zero—for 


example, in the case of the estimates of 
DY er-1 and c in the transfer functions for 
prices and expected prices. Such findings 
are not inconsistent with the theoretical 
model. As mentioned above, these param- 
eters can be close to zero. Finally, there are 
other parameters that have large standard 


-errors; in particular the slope coefficient of 
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FIGURE 1. ARGENTINA: ACTUAL RATE AND FITTED 
VALUES FOR THE RATE OF CHANGE IN PRICES 


our short-run Phillips curve, indicating 
that this relationship is empirically un- 
stable. 

In general the estimates for Argentina are 
more precise than the estimates obtained 
for Brazil. In both countries better fits were 
obtained for the rate of change in prices 
than for detrended income. The good per- 
formance of the model in explaining the 
rate of inflatior can be illustrated by plot- 
ting the actual and fitted values from the 
reduced form for prices. This is shown in 
Figures 1 and 2. Figure 1 shows the case for 
Argentina. Her2 we observe that the model 
behaves well in explaining inflation, and 
only in two observations—one near the be- 
ginning and one near the end of the period 
—does the cbserved rate of inflation differ 
substantially from the fitted value. 

Figure 2 illustrates the case of Brazil. 
Here we alse observe the good performance 
of the model in explaining the large oscilla- 
tions of the rate of inflation. Only in a few 
observations near the middle of the period 
do actual values differ substantially from 
the fitted values. 

Although our results seem to be good 
relative to many other empirical studies 
working with kighly noisy seasonally ad- 
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FiGuRE 2. BRAZIL: ACTUAL AND FITTED VALUES FOR 
THE RATE OF CHANGE IN PRICES 


justed quarterly series, we still are not sure | 
that we have really separated the true signal 
from the noise. That is, in explaining the 
movements of output apart from its long- _. 
run trend we have only used monetary . 
shocks that impeded a correct anticipation 
of prices, and in this sense people were sur- 
prised (or fooled) during short periods of 
time. 

From a theoretical point of view it can be 
said that our model makes use of two rela- 
tively new aspects of macroeconomic 
theory. One is the hypothesis of rational 
expectations; and the other is a sort of 
Phillips equation playing the role of the 
“missing equation” which, according to 
Friedman, states the difference between the 
quantity theory of money and the Keynes- 
ian income-expenditure theory. 


REFERENCES 


George E. P. Box and G. M. Jenkins, Time 
Series Analysis Forecasting and Control, 
San Francisco 1970. 

R. B. Fernandez, “Short Run Dynamics of 
Output and Prices,’ unpublished doc- 
toral dissertation, Univ. Chicago 1975. 


> 


é 


OL. 67 NO. 4 


ilton Friedman, A Theoretical Framework 
for Monetary Analysis, Occas. Paper 112, 
Nat. Bur. Econ. Res., New York 1971. 

. C. Goncalves, “The Problem of Stopping 
Inflation,” unpublished doctoral disserta- 
tion, Univ. Chicago 1974. 

. E. Lucas, ‘Some International Evidence 
on Output Inflation Tradeoffs,” Amer. 

Econ. Rev., June 1973, 63, 326-34. 

D. W. Marquardt, “An Algorithm for Least- 
Squares Estimation of Nonlinear Param- 
eters,” J. Soc. Ind. and Appl. Math., June 
1963, 2, 431-41. 

F. Muth, “Rational Expectations:and the 

“ Theory of Price Movements,” Econo- 
metrica, July 1961, 29, 315-35. 

T. Sargent, “Rational Expectations, the Real 


PN, Bo 


FERNANDEZ: OUTPUT AND PRICES 699 


Rate of Interest, and the Natural Rate of 

Unemployment,” Brookings Papers, 

Washington 1973, 2, 429-80. 

and N. Wallace, “Rational Expec- 
tations, the Optimal Monetary Instru- 
ment and the Optimal Money Supply 
Rule,’ J. Polit. Econ., Apr. 1975, 83, 
241-54. 

A. Zellner, and F. Palm, “Time Series Analysis 
and Simultaneous Equation Models,” 
J. Econometrics, May 1974, 2, 17-54. 

International Monetary Fund, International 
Financial Statistics (IFS) Washington, 
various years. 

Instituto Nacional de Estadistica y Censos, 
Boletin de Estadistica, Argentina, various 
years. 





Stigler, Kindahl, and Means 
on Administered Prices 


By LEONARD W. WeEIss* 


Some years ago, George Stigler and 
James Kindzhl (1970) published a remark- 
able set of transactions price series that they 
had compiled from purchasers’ records. On 
the basis of those price data, they concluded 
that the phenomenon of “administered 
prices” was largely an illusion found only 
in the Bureau of Labor Statistics (BLS) 
wholesale price index data. Gardiner Means 
responded in an article in this Review (1972) 
that in fact the transactions prices compiled 
by Stigler and Kindahl supported the 
administered-price hypothesis. Stigler and 
Kindahl (1973) replied that Means had 
arbitrarily defined 15 of their price series as 
“market dominated,” that he had redefined 
the business cycle turning points for pur- 
poses of his comparisons, and that he took 
as support foz the administered-price hypo- 
thesis any deviation from classical predic- 
tions. This paper is an attempt to reconcile 
the two interpretations of the Stigler and 
Kindahl data. 


I. The Usefulness of Price Statistics 


The first issue considered is how repre- 
sentative the Stigler-Kindahl National Bu- 
reau (NB) price series are of actual transac- 
tions prices. The NB series are for large 
buyers often buying on long-term contracts. 


The BLS prices are spot list prices. Transac- ` 


tions probably -occur at both prices. How 
nearly representative of prevailing prices 
are the two series? 

A third set of prices which might serve to 
answer this question are the unit values com- 
puted by the Census in the 1963 Census of 
Manufacturers. These are available for 1958 
and 1963 for many five-digit products. I was 
able to match 40 five-digit products to one 
or more of the 64 price series published by 
Stigler and Kindahl. Unit values represent 


*University of Wisconsin-Madison. 























indexes of values of shipments divided b 
indexes of physical output. They therefor 
amount to weighted averages of all transac 
tions prices for the five-digit products in 
volved where the weights are the amount 
of individual transactions. The main prob 
lem with unit values is that they can chang 
because of changes in the product mix cor 
tained in a five-digit product class as wel 
as because of changing price levels. More 
over, many five-digit producis contain othe 
products besides those for which pric 
series were available. While the usefulnes 
of unit values for our purposes is open t 
some question, they do provide the on 
independent test of the two price series. 
Simple averages of 1958 and 1963 
monthly values for the NB and the BL 
series were calculated and compared with 
1963 unit values divided by 1958 unit va} 
ues. The results appear in Table 1. All thred 
indexes show declines between 1958 and 
1963. The greater decline in the unit values 
is due mainly to one observation, “elemen- 
tal gases,” where the unit value fell by more 
than half while BLS and NB oxygen prices 
rose slightly. When that observation is ex- 
cluded the means are similar. With that ob- 
servation included, the BLS and NB series 
are more closely correlated with each other 
than either is correlated with the unit value 
index. With it excluded, the three correla. 
tions are similar. $ 
All of the correlations are significant at] 
al percent level, implying that all three in- 
dexes contain similar information. The NB 
indexes are more closely correlated with the 
unit values than are the BLS indexes for the 
entire sample, but the BLS index fits a bit 
better when the outlier is excluded. The 
BLS and NB series both seem to contain 
elements of the pattern of prices shown in 
the unit values. | 
Most studies related to the administer, 
price hypothesis have correlated BLS price 
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TABLE 1—MEANS AND CORRELATIONS COMPARING 
THE NB anp BLS INDEXES witH UNIT VALUES 


1958-63 
Unit 
BLS NB Values 
For Forty Series: 
Mean 98.48 97.00 94.00 
Simple Correlations 
BLS 1,000 
NB 796 1.000 
Unit Value 496 524 1.000 
Excluding Elemental Gases: 
Mean 98.31 96.90 95.23 
Simple Correlations i 
© BLS 1.000 
NB .797 1.000 
Unit Value 744 725 1.000 


changes with concentration. The substantial 
differences between the BLS and NB in- 
| dexes raise questions about the usefulness 
of those studies. Some comparisons made 
in Table 2 attempt to test the reliability of 
the BLS series. The first row of the table 
shows correlations between BLS,,,/BLS, 
and NB,,,/NB, for the two recessions and 
pine two recoveries during the period cov- 
ered by the Stigler and Kindahl data. Three 
different versions of the final recovery 
period are used for reasons explained be- 
low. Changes in the two price series are 
closely correlated in all six periods used. 

A question that Stigler and Kindahl did 
not address is whether there is any bias in 
the relation between concentration and re- 
ported BLS and NB price changes. The 
second and third rows of Table 2 are meant 
to thrown light on that question. Here the 
„tatio of BLS,,,/BLS,and NB,,,/NB, is re- 
Fiated to the 1963 concentration ratio and to 
corrected 1963 concentration ratios.! In all 
but the first recovery period, the ratio had a 


1The corrections in the concentration ratios consist 
of 1) the combined concentration ratio wherever the 
product is primary to more than one industry and 
where the Census reports a combined concentration 
ratio; 2) a weighted average of regional four-digit con- 
centration ratios for products that sell on regional 
markets and where the Census reports regional con- 
centration ratios (paper boxes, paint, petroleum refin- 
Ñg, cement, and bitumenous coal-—data for coal is for 
z964 and was supplied by the Federal Trade Commis- 
“sion (FTC); and 3) the Canadian concentration ratio 
ra newsprint (from data supplied by the FTC). 
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negative relationship to concentration, 
meaning that BLS prices rose less or fell 
more with concentration than the NB prices 
did, but in no period was the correlation 
significant. 

Altogether, the BLS and the NB price 
changes reflect each other reasonably well 
and their relationship to concentration is 
not importantly biased. Apparently, we can 
get something useful from working with 
BLS data. 


II. Classifying the Data 


The main concern of this paper is 
whether the NB series supports the adminis- 
tered-price hypothesis or not. An important 
issue in the debate between Means and 
Stigler and Kindahl is which of the prices 
covered in the study are “administered.” 
Means listed 15 that he felt were not on 
the basis of judgment with respect to the 
character of the product. Stigler and Kin- 
dahl accepted only 3 “market-dominated” 
prices in their data, those for bituminous 
coal, plywood, and car flooring. Actually, 
both lists are arbitrary. 

The natural criterion to apply is that used 
by Means in his previous work, the number 
of changes in the BLS price indexes. The 
number of price changes is not very inter- 
esting itself, but it seemed to correlate well 
with the extent of price change in Means’ 
studies of the Great Depression. When 
Means first developed the concept of “‘ad- 
ministered prices” in 1935, he classified 
products into four groups: those that 
changed less than once every ten months; 
those that changed more than once in ten 
months but less than one time in four 
months; those that changed more than once 
in four months but less than three times in 
four months; and those that changed at 
least three times in four months (Means, 
1935, p. 79). He didn’t say at the time which 
series he considered to be “administered” 
prices and which not, but in later work re- 
ferring to the same date, he seemed to count 
the first two classes as indicating adminis- 
tered prices, the last as ‘““market-dominated”’ 
prices, and the third class as “intermediate” 
(Means, 1962, pp. 105-07). At any rate, he 
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TABLE 2—CORRELATION COEFFICIENTS RELATING BLS Prick CHANGES TO NB PRICE 
CHANGES AND THE RATIOS OF THE TWO TO CONCENTRATION 








1/57- 4/58- 5/60- 2/61- 11/64- 2/6l- 
Correlated Variables 4/58 5/60 2/61 3/62 11/66 12/66 

le eked a 774 882 781 885 716 736 
BLS, NB, | 

BESt+1 /NBt+1 and the 1963 ~ 207 175—042 - —.160 = ~.080  —.087 
BLS, NE, concentration ratio 

BESt+1 /NBt+1 and the corrected 092 129 =148 155.17 047 
BLS, NE, concentration ratio 

Number of Observations 62 62 - 62 . 62 64 64... 


had consistantly treated the administration 


of prices as a matter of degree, with admin- 


istered prices shading into market-domi- 
nated prices. (Means, 1935, p. 82, and 
Means, 1939, p. 147.) 

An adequate evaluation of the Stigler- 
Kindahl data requires that their price series 
be properly classified. Using the number of 


TABLE 3—MARKET-DOMINATED AND INTERMEDIATE PRICE SERIES 
INCLUDED IN STIGLER AND KINDAHL’S DATA 


Product 


Market-Dominated Price Series 
C-20 Regular Gasoline 
C-21 Diesel and Distillate Fuel 
C-63 Plywood 

Intermediate Price Series 
C-10 Aluminum Ingot and Shot 
C-13 Copper Ingot 
C-14 Copper Pipe and Tubing 
C-15 Copper Wire and Cable, Bare 
C-16 Copper Insulated Wire 
C-19 Brass Bars and Rod 
C-22 Residual Fuel Oil No. 6 
C-23 Bitumenous Coal 
C-29 Book, Magazine Paper 
C-31 Course Paper and Bags, 

Kraft Paper 
C-32 Paper Board, Unfabricated 
C-33 Paper Boxes and Shipping 
Containers 

C-57 Paint _ 
C-58 Cement 
C-61 Electric Motors 
C-64 Car Flooring 


aa 


changes in the BLS prices during 1957-6 
as a criterion, the price series reported b 
Stigler and Kindahl contain 3 market 
dominated price series, 16 intermediat 
price series and 45 administered-price series 
The market-dominated and intermediate 
price series are listed in Table 3 with th 
number of price changes reported in the 
i 


7 


Number 1963 Corrected 
of Price Concentra- 1963 
Changes tion Concentra- | 
1957-1966 Ratio tion Ratio 
98 33 i 51 
95 36 > 51 
112 28 28 
36 76 76 
42 84 5i 
81 47 47 
38 50 50° 
77 37 29 7 
56 47 47 
73 35 51 
81 24 29 
33 29 29 
45 38 38 
35 32 32 
36 21 42 
34 24 34 
42 29 72 
62 47 47 
85 16. i6 
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BLS series, their 1963 concentration ratios, 
and their 1963 corrected concentration 
ratios. There are 119 possible price changes 
in the ten-year period covered by the Stigler 
and Kindahl data. 

All of the market-dominated price series 
are associated with products where concen- 
tration is low. The same is true of most of 
the intermediate price series, though alumi- 
num and copper ingot and cement are cer- 
tainly highly concentrated. Aluminum and 
copper are probably in this category be- 
cause of competition from imports and 
scrap, but cement has no such explanation. 
The average values for concentration are 
36.1 for the 19 products in Table 3 and 58.6 
for the remaining products in the Stigler- 
Kindahl sample. The average values for the 
corrected concentration ratios are 40.7 for 
the products in Table 3 and 57.2 for the rest 
of the sample. For the most part, the mar- 
ket-dominated and intermediate products 
have concentration characteristics that most 
economists would expect. 

Whether the intermediate price series 
should be treated as administered or not is 
a matter of judgment. In his previous stud- 
ies, Means treated administered prices as a 
matter of degree, examining separately the 
changes that occurred in price series where 
price changes had been of various frequen- 
cies. The same will be done here. 

Means chose somewhat different periods 
from those used by Stigler and Kindahl in 
evaluating the direction of NB price change. 
The two studies agreed on the dates of the 
two contractions but they chose different 
recovery periods. Means ended the recovery 
from the 1958 recession six months before 
the start of the 1960 recession. Stigler and 
Kindahl’s adoption of the regular reference 
cycle seems less arbitrary. 

The really serious problem arises with the 
recovery from the 1960 recession. That ex- 
pansion continues for nine years, a period 
so long that both Means and Stigler-Kin- 
dahl chose shorter subperiods. Means used 
the immediate recovery period from Febru- 
ary 1961 through February 1962. Stigler 
and Kindahl! chose November 1964 through 
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November 1966. We will use both periods 
and the full recovery period as well. 


IH. Theoretical Expectations 


Just what to expect during recessions and 
recoveries is also a matter of controversy. 
There are several versions of the adminis- 
tered-price hypothesis. Means seemed to 
picture any pattern of price change that did 
not follow classical expectations as confirm- 
ing the administered-price hypothesis. This 
left him taking declining prices in a period 
of expansion as supporting it. Stigler and 
Kindahl took the other extreme, requiring 
that prices remain fixed in the face of short- 
run fluctuations if the hypothesis is to be 
confirmed. Realistically, Means’ studies in 
the 1930’s (1935; 1939) pictured adminis- 
tered prices as changing relatively less than 
market-dominated prices during business 
fluctuations. This last will be the hypothesis 
to be tested here. 

The implications of the administered- 
price hypothesis are least equivocal in re- 
cessions. In such periods the hypothesis 
would be confirmed if prices remained sta- 
ble or rose. A more sophisticated version 
would require that we control for changes 
in direct costs, but this cannot be tested 
here for lack of data on direct costs for five- 
digit products during the periods covered. 
As an alternative, we will examine devia- 
tions from trends. The trends in price .- 
should reflect cost changes. 

The prediction for a period of expansion 
is more equivocal. Presumably, market- 
dominated prices would rise during such 
periods, but what should we expect of ad- 
ministered prices? A failure of price to 
change would be evidence of administered 
prices, but surely one would not expect a 
decrease in price under such circumstances. 
Perhaps the safest expectation is that ad- 
ministered prices would rise less than mar- 
ket-dominated prices in a recovery period 
immediately following a recession in which 
they fell less. This might argue for the 
earlier recovery period chosen by Means, 
from February 1961 through February 


614 THE AMERICAN ECONOMIC REVIEW 


1962, over the considerably later recovery 
period chosen by Stigler and Kindahl (No- 
vember 1964~November 1966), but the pre- 
diction for any recovery period is much less 
certain than for a contraction. 

Stigler and Kindahl express doubt about 
the theoretical basis for the predictions of 
the administered-price hypothesis: 


Classical theory leads one to expect 
prices to fall in competitive industries 
during a business contraction because 
both demand and marginal production 
costs fall, and that reverse movements 
will occur in expansions. This expecta- 
tion was not subjected to elaborate 
analysis perhaps because a similar pat- 
tern was expected in monopoly. Here 
too, marginal costs would fall and 
there is no strong reason to expect mar- 
ginal revenue to rise, although price 
reduction was no longer a necessary re- 
sult of a leftward shift in demand and 
cost functions. [1970, pp. 60-61] 


It really isn’t very hard to find a theoreti- 
cal basis for relatively rigid monopoly price 
in the presence of contraction, however. A 
monopolist must make explicit decisions 
about price. It is not given to him by the 
market. He will presumably make prices in 
a way that is expected to maximize the 
present value of the firm. This means he 
will price with an eye to possibilities for 
substitutes, pctential entry, and similar 
long-run considerations. A short-run fall in 
demand as might occur in a recession need 
not lead to a downward shift in price. The 
short-run elasticity of demand is surely less 
than the long-run elasticity, and in many 
cases must be less than one. This would im- 
ply that a moropolist considering a price 
cut to deal with a temporary recession 
would face a lower (and possibly negative) 
marginal revenue compared to the mar- 
ginal revenue he would face in making gen- 
eral price policy. The natural conclusion 
seems to be that optimal price policy in a re- 
cession would often be to hold prices stable 
or tc change them only in response to 
changes in long-run expectations. It would 
follow that price increases in recovery 
periods would not be profitable unless they 
also reflected long-run expectations. 
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Stable rather than declining prices during 
a recession would also probably be more 
profitable for the members of a competitive 
industry taken as a whole, but of course no 
individual firm can prevent the price decline 
that would naturally occur in such a mar- 
ket. Given such a decline during a recession, | 
one would surely expect a relatively large 
increase in a subsequent recovery in com- | 
petitive markets. Means himself felt that | 
there was no necessary relationship between | 
administered prices and monopoly, but his 
example of a competitive industry withy 
administered -prices was automobiles—ob-7 
viously an oligopolistic industry. In my“ 
opinion, some market power is necessary 
for administered prices. Prices should be 
more rigid the greater the level of concen- 
tration. 


IV. The Evidence on Administered Prices 


Table 4 shows the directions of change | 
and of deviations from trends for NB prices _ 
during the 1958 and 1960 recessions for the | 
three categories of price series. In general, 
the bulk of the market-dominated and in-4 
termediate series declined during the two 
recessions. By contrast, a majority of the 
administered prices either rose or remained 
constant (changed by less than .05 percent 
per month) during the 1958 recession. The 
contrast between the administered prices 
and the others is even greater when the 
deviations from trend are examined. The 
experience during the 1958 recession 
strongly supports the administered-price 
hypothesis. me l 
The evidence for the 1960 recession is less , 
one-sided. Two of the three market-domi- * 
nated prices rose and more of the adminis- 
tered prices fell, both in absolute terms or 
relation to trend. Still, 43 percent of the 
administered prices rose or remained un- 
changed compared with 26 percent of the 
market-dominated and intermediate prices 
taken together, and the average decline in 
the administered prices was less than in the 
intermediate prices. Altogether, the results 
for the two recessions give considerabl 
support for the administered-price hypothe-y 


SIS. : 
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TABLE 4—DIRECTION OF CHANGES 


AND AVERAGE CHANGE IN NB PRICES 


DURING THE TWO RECESSIONS 
Changes in Deviations 
Raw Indexes From Trend 
7/51- 5/60- 7/57- 5/60- 
4/58 | 2/61 4/58 2/61 

Market-Dominated Prices 

Increase 0 2 0 2 

No Change 0 0 0 0 

Decline 3 l 3 1 
Intermediate Prices 

Increase l 2 2 2 

No Change i i I 0 

Decline 14 13 13 14 
Administered Prices 

Increase 12 7 21 12 

No Change 22 12 9 7 

Decline 10 25 13 24 
Average Changes? 

Market-Dominated Prices —3,§ +02 —2.8 +1.0 

Intermediate Prices —6.1 —3.6 —6.8 —3.8° 

Administered Prices —0.1 —2.2 — I.i —0.8 


a 
Shown in percent. 


The results for the recovery periods are 
shown in Table 5. During the 1958-60 re- 
‘covery, two of the three market-dominated 
prices fell but a larger proportion of the 
intermediate prices rose than did the admin- 


istered prices, and the average increase for 
intermediate prices was larger than for the 
administered prices. Deviations from trend 
were preponderantly positive for both inter- 
mediate and administered prices. 


TABLE 5-—-DIRECTION AND EXTENT OF NB PRICE CHANGES AND DEVIATIONS 
FROM TRENDS DuRING RECOVERY PERIODS 


Changes in Raw Indexes Deviations from Trends 


4/58- 2/6l- 1 


1/64- 2/61- 4/58- . 2/61- 11/64- 2/61- 


5/60 3/62 11/66 12/66 5/60 3/62 11/66 12/66 


Market-Dominated Prices 


Increase l 0 

No Change 0 I 

Decrease 2 2 
Intermediate Prices - 

Increase 11 6 

No Change a | 5 

Decrease 4 5 
Administered Prices 

Increase 17 4 

No Change 9 B 

Decrease -18 27 
Average Change in Pricea 

Market-Dominated Prices —1.7 -i7 | 

Intermediate Prices - +7.8 +0.4 

Administered Prices = 1,7 —1,9 


~4Shown in percent. 


3 0 l 3 2 

0 2 0 0 

0 l ! 2 0 0 

13 9 11 7 13 1 

2 5 4 3 3 3 

! 2 ] 6 0 2 

21 9 31 10 25 16 

9 g 6 10 11 24 

15 27 6 23 8 4 
+22 -38 405 -14 +443 424 
+11.6 413.6 +470 -O1 +108 411.0 
$42 -28 +431 -18 +449 429 
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The experience for the long recovery 
from the 1960 recession differs with the 
portion of that recovery analyzed. In the 
initial recovery period (1961-62) empha- 
sized by Means, a majority of the adminis- 
tered prices declined both absolutely and 
relative to trend which is certainly not 
what the classical analysis would suggest. 
It really is not what the administered-price 
hypothesis world suggest either. The three 
market-dominéted prices fell, on average, 
and the intermediate prices showed no net 
tendency to either rise or fall. 

In the 1964-66 period emphasized by 
Stigler and Kindahl, a larger number of 
administered prices increased, and a major- 
ity had positive deviations from their 
trends. However, the market-dominated 
and intermedicte prices conformed more 
closely to the classical hypothesis. 

Over the long period of recovery from 
1961 to 1966, the majority of administered 
prices fell as did one market-dominated 
price and two of the intermediate prices. On 
average, both market-dominated and ad- 
ministered prices fell, though intermediate 
prices rose substantially during the long 
recovery. As might be expected for so long 
a period, almost half the series deviated 
from trend by less than 0.05 percent per 
month, but the intermediate prices rose 
above trend much more than the adminis- 
tered prices did. 

The long period is probably not the right 
one for studying administered prices. Oli- 
gopoly prices can be expected to change 
over the long run in response to changes in 
costs or in the elasticity of demand. The 
period from 1951 to 1966 must be pretty 
close to the long run. The administered- 
price hypothesis is best tested in a shorter 
period. 

Altogether, the evidence during the re- 
covery periods is more equivocal than that 
during the recessions. The intermediate 
price series comes closer to fitting the classi- 
cal hypothesis than the other two series. 
The behavior of the administered-price 
series certainly doesn’t fit the classical hy- 
pothesis. On balance, the evidence for the 
recovery periods comes closer to fitting 
Means’ conclusions than those of Stigler 
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and Kindahl. Yet the results are basically ~ 


equivocal. Neither hypothesis predicts price 
decrease in time of recovery, and there were 
many price decreases among administered 
prices. 


V. Concentration and Price Change 


Concentration does not play a direct role 
in the administered-price hypothesis as 
Means expressed it. In his original discus- 
sion of the topic in 1935, he said: 


Administered prices should not be 
confused with monopoly. The presence 
of administered prices does not indi- 
cate the presence of monopoly, nor do 
market prices indicate the absence of 
monopoly. In many highly competitive 
industries, such as the automobile in- 
dustry, prices are made administra- 
tively and held for fairly long periods 
of time. On the other hand, it is con- 
ceivable that in a monopolized indus- 
try, the product might be turned out 
according to some fixed production 
schedule and sold for what it would 


bring on the market regardless of price. -> 


TABLE 6—RECESSION PERIOD CHANGES IN PRICES 
AND DEVIATIONS FROM TRENDS CLASSIFIED 
BY DEGREE OF CONCENTRATION ° 


Changes in Deviations 
Raw Indexes From Trends 
4/58- 2/6l- 4/58- 2/61- 
5/60 3/62 5/60 3/62 

CR < 30 

Increase 0 i 0 i 

No Change 0 0 l 0 

Decrease 6 5 5 5 
30 < CR < 50 

increase 5 5 9 8 

No Change 6 4 l 2 

Decrease 11 13 l1 11 
CR > 50 

Increase 6 6 14 8 

No Change 17 8 7 5 

Decrease 12 21 14 22 
Average Change 

in Price? 

CR <30 —.023 —.020 —.023 --.020 

30 < CR < 50 —.019 —.022 —.001 —.010 

CR >50 —015 —.023 —.007 —.017™ 


aShown in percent. 
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P TABLE 7—DIRECTION AND EXTENT OF NB PRICE CHANGES AND DEVIATIONS FROM TREND 
DURING RECOVERY PERIODS CLASSIFIED BY CONCENTRATION 
Change in Price Deviations from Trend 
4/58- 2/61- 11/64- 2/61- 4/58- = 2/6 1- 11/64  2/6l- 
5/60 3/62 11/66 12/66 5/60 3/62 11/66 12/66 
CR < 30 
Increase 5 2 6 3 5 2 6 4 
No Change 0 l 0 3 l 2 0 ` l 
Decrease l 3 0 0 0 2 0 1 
30 < CR < 50 
| Increase ; 8 4 14 7 12 7 13 9 
| No Change 2 -7 3 6 4 4 5 9 
Decrease i2 jI 5 9 5 10 3 3 
NCR > 50 
F Increase 17 4 18 9. 26 9 21 13 
| No Change 7 11 6 6 6 g 9 19 
Decrease 11 20 12 21 3 i8 6 4 
Average Change 
in Price® 
| CR <30 4.3 0.2 5.9 5.2 4.5 0.3 6.0 5.6 
| 30<CR<50 -0.3 -34 5.5 -1.6 2.5 1.3 8.1 5.4 
CR. > 50 2.4 —2.6 3.1 —3,2 4.8 1.2 5.5 3.7 
Shown in percent. 
| In general, monopolized industries centration ratios of 30 or less clearly sell 


have administered prices, but so also 

pro: a great number of vigorously com- 
petitive industries in which the number 
of competitors are few. [pp. 78-79]. 


Nevertheless, most who have studied the 
subject since Means have looked for a rela- 
tionship between concentration and price 
behavior. Administered prices are clearly 
inconsistant with pure competition. At least 
some market power is needed to administer 
a price. . 

Tabie 6 analyzes changes in prices and 
deviations from trends during the two re- 
ane periods with the price series classi- 

ed by concentration. Products with con- 


TABLE 8—-CORRELATIONS BETWEEN NB PRICE 
CHANGES AND CONCENTRATION IN SIX PERIODS 


Concentration Corrected Con- 

Period Ratio centration Ratio 
7/57-4/58 .089 .198 
4/58-5/60 .149 .034 
| 5/60-2/61 ~ 156 — .037 
: ww2/61-3/62 — 012 —.078 
/64-11/66 — O15 — 098 
X 2/61- 12/66 ~ 132 —.130 


Z 


on unconcentrated markets; those with con- 
centration ratios above 50 sell on concen- 
trated markets; and those in between are 
classified as mixed, 

Prices in unconcentrated markets were 
more inclined to fall both absolutely and 
relative to trend than other price series, but 
there were only six unconcentrated markets 
represented. No distinction can be drawn 
between the concentrated and the mixed 
price series. 

Table 7 shows a similar analysis for the 
recovery periods. No distinctions among 
the three categories seem warranted in these 
periods.’ 

Table 8 shows correlations of price 
changes with concentration and corrected 
concentration. Neither concentration nor 
corrected concentration is significantly re- 
lated to price change in any of the periods 
covered. This is not a very serious blow for 
the administered-price hypothesis, however. | 
The studies done previously with BLS series . 


2This is apparently not due to inaccuracies in .the 
measurement of concentration. When the price series 
were classified by corrected concentration ratios, the 
results were no less equivocal. 
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show only a weak effect for concentration if 
_changes in direct costs are not included as 
well. (See Horace DePodwin and Richard 
Selden; the cuthor.) Moreover, those stud- 
ies generally show no significant effect for 
concentration over the period 1959-1966. 
(See the autnor; R. W. McLaren; J. Fred 
Weston and Steven Lustgarten, 1974). 


VI. The Frequency of Price Changes 


The hallmark of administered prices ac- 
cording to Means is large infrequent jumps 
in price with long periods of rigid prices in 
between. This appears in many BLS series, 
especially those identified as administered 
prices. The NB series prepared by Stigler 
and Kindahl do not exhibit such a pattern 
except for steel products. This need not 
mean that the underlying price series from 
which the MB series are constructed are 
gradually cnanging prices. Indeed, as 
Means points out (1972, p. 301), the one 
group cf underlying series that Stigler and 
Kindahl present (for ammonia) do shew 
long periods of rigid prices followed by 
sharp jumps. One series does not change at 
all in eight years. The other three series 
show only 3, 5, and 15 changes, and 7 of the 
15 changes in the last are uniform seasonal 
changes. Each of the four series presented 
would by itself fall into the administered 
price category because it shows less than 
30 changes over the ‘ten-year period. To 
some extent the long periods of stability in 
these prices indicate long-term contracts 
which reflect both buyer and seller expecta- 
tions. Stigler and Kindahl do not indicate 
where this is the case, so the analysis of 
other series is necessarily uncertain. 

The small and continuous changes in the 
NB series as contrasted with the BLS series 
and at least the underlying ammonia series 
reported by Stigler and Kindahl could 
easily be attributable to the averaging of 
price changes in many contracts with differ- 
ent termination dates, and the interpola- 
tions of series with breaks in them. 

The frequeacy of change is not an impor- 
tant feature of a price in and of itself. It is a 
characteristic that Means used to classify 
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prices as more or less administered an 
which seemed to predict quite well whic 
type of price fell most during the Grea 
Depression. It also seems to have predicte 
which prices fell most during the two reces 
sions covered by the Stigler-Kindahl study 
whether BLS or NB prices are used. Th 
failure of their published data to reve 
many differences in frequency of pric 
change does not make the frequency classi 
fication based on BLS data less useful. 


VII. The Unique Price 2 


What the Stigler-Kindahl data (reporte 
for ammonia and summarized for othe 
series) do reveal is that the commonly hel 
belief in a unique price, at least for undiffer 
entiated products with expert buyers, is un 
justified. This was certainly the type o 
product that they examined. They repor 
that precisely that type of product virtuall 
never shows a unique price. Of the 64 com 
modities for which they publish data, the 
give standard deviations of price change 
of individual buyer series for 633 cos 
modity-years.? Of these, only 8 commodity 
years have standard deviations of zero a 
would be expected if a unique pric 
prevailed. Thirty-three commodity-year 
showed standard deviations of less than 0.1. 
These were heavily concentrated in stee 
where price discipline seems to be strong, 
but even there standard deviations exceeded 
1.0 in 20 percent of the years. For the re- 
maining 543 commodity-years the standard 
deviations exceeded 1.0 in 49.3 percent of 
the cases. 

One of the most intriguing of their resul 
is that the dispersion of individual buyer 
series price changes increases with the vari- 
ability of the NB index over time and with 
the number of reporters, and decreases with! 
the degree of concentration for the product 
involved. All three tendencies were highly 


p 
ES 


3Ten years for each commodity except electric bat- 
teries where data was available for only five years, ang 
copper ingot where there was only 1 firm reported 


two years. 
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ignificant.* Stigler and .Kindahl interpret 
he negative effect of concentration as due 
lo the increasing difficulty of policing price 
jgreements as concentration falls (1970, 


VII. Conclusion 


The conclusion of this study would seem 
0 be as follows: The NB and BLS series do 
10t differ importantly. The NB is about as 
rlosely correlated with census unit values as 
the BLS series, but all three are closely cor- 
belated, implying that all three contain 
meaningful information. There is no sig- 
nificant bias in the two sets of series with 
respect to concentration so that studies us- 
ng BLS series are meaningful. 
| More important, the NB series do follow 
ier that support the administered-price 
hypothesis. For those series where the BLS 
indexes show few changes, the NB series did 
increase or remain constant in a majority of 

bservations during the two recessions. 

heir performance during recovery periods 
is more ambiguous, but certainly does not 
a e to the classical pattern. There 
does seem to be such a thing as an adminis- 
tered price. On the other hand, there was 
little or no relationship between concentra- 
tion and changes in the NB series. 

The NB series are a unique and valuable 
set of data that has been little used. There 
are more questions to be answered. What 
does account for deviations from list price? 
A sensible study might calculate year-to- 
year relative price changes in the BLS and 
NB series, correlate these over the ten-year 


eriod for individual series, and regress the 
p 












4Their regression equation was: 


cap = 620 + .432 op— .0062C + .018N 
(203) (073) (0028) (.0041) 


where gap is the standard deviation of price changes 
among individual series for a product during the first 
six months of 1965, op is the intertermporal standard 
deviation of the NB series for the same period, C is 
concentration, and Nis the number of buyer reporters 
(Stigler and Kindahl, 1970, p. 91). 

Ki 

a 


4 ` 
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correlation coefficients on structural char- 
acteristics that might explain price competi- 
tiveness such as concentration and variabil- 
ity of demand. Again, what accounts for 
differences in relative stability of transac- 
tions prices? One might study this by corre- 
lating variability of individual NB price 
series around trends with variables that 
might be expected to explain price stability 
such as concentration, demand variability 
relative to trend, and possibly distance from 
final demand. These questions will be left to 
others. 
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Income and Urban Residence: 


An Analysis of Consumer Demand for Location 


By WILLIAM C. WHEATON* 


It is by now well documented that in 
American urban areas the vast majority of 
middle and upper income households live 
further from the city center in separate su- 
burban communities (see Anthony Caten- 
ese; Edgar Hoover and Raymond Vernon). 
Despite popular impressions, this trend is 
not a recent one. It has been evolving grad- 
ually ever since the streetcar suburbs of the 
late nineteenth century (see Samuel War- 
ner). 

The consequences of this spatial pattern 
have been quite serious. The outward 
mobility of those with means has left 
American cities as segregated domains for 
the poor. Within city boundaries the poor 
can tax only themselves for necessary but 
deteriorating services (see Bennett Harri- 
son). Havinz escaped this tax burden, mid- 
dle income Americans enjoy a substantial 
“fiscal surplus” in the suburbs—providing 
an implicit and regressive redistribution of 
income. The spatial flight of the middle 
class has raised the issue of efficiency as 
well. The extensive deterioration and aban- 
donment of inner city housing capital 
strikes many as being socially, if not pri- 
vately, inefficient (see Jerome Rothenberg). 


I 


In searching for an explanation to these 
problems, many economists suggest that 
cause and effect are simultaneous. Urban 
fiscal disparities and city decay are not only 
the product of middle class flight, but the 
cause as well (see David Bradford and 
Harry Kelejian). The fragmented structure 
of American local government and the pres- 
ence of racial or social externalities are the 
primary forces which have generated the 

* Assistant professor, departments of economics and 


urban studies and planning, Massachusetts Institute of 
Technology. 
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Tiebout; Robert Haugen and A. Jam 
Heins). 

In contrast to these views, Richard pe 
William Alonso and others (Martin Bec! 
mann, Edwin Mills) have developed a dij 
ferent argument to explain the increase + 
income with greater distance to the cit 
Using a simple model of spatial equili 
rium, these authors argue that as consume 
move farther from their center of emplo 
ment, greater commuting costs: must 
counterbalanced by reduced expenditur 
on land. Wealthier consumers need redu 
their offered land price by less because th 
spread such cost increases over more lan 
As a consequence, they are willing to bi 
more for peripheral sites than the poor, 
least relative to their offers for central loc 
tions. Since land must be allotted to th 
highest bidder, an equilibrium location pat 
tern requires that income increase wit 
greater distance from work. 

As both Muth and Alonso have pointe: 
out, this conclusion assumes that commut 
ing “costs” (including time) are constan 
with respect to income. If the marginal cos 
of commuting increases with income, the! 
wealthier consumers must reduce their lan 
expenditure by a greater amount thal 
poorer households. If the rate at whi 
marginal travel costs increase with incom 
is sufficiently large, then this can offset th 
aforementioned tendency for wealthier con 
sumers to bid relatively more for furthe 
locations. In short, the net outcome of th: 
argument really depends on how rapidi: 
commuting outlays change with incom 
relative to land consumption. With an in 
come inelastic land demand and noticeabh 
greater commuting costs for the wealthy 
greater income leads to more central loca 
tions. If land demands are income elad{h 
and commuting expenses relatively fixed 


>» 
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| 
spatial pattern to begin with (see chil 
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come should increase with distance from 
rork, 

This theory is quite attractive, for it offers 
explanation of the spatial income gradi- 
t in other countries besides America. In 
uropean and Latin American cities, the 
oor usually inhabit the peripheral areas, 
hile the rich and middle class live centrally 
ee Alonso). The presumption is that while 
merican land demands are income elastic 
nd the value of commuting time income in- 
astic, just the opposite pattern of prefer- 
ces exists in these other societies. To date 

















rically whether these preference patterns 
ist. Do American demands for land 
ally increase rapidly with income while 
ommuting costs do not? The objective of 
is paper is to estimate empirically the 
lonso-Muth spatial income effect and to 
etermine whether this long-run equilib- 
um theory is a significant determinant of 
leen land use patterns. 
i In the next section, the original argu- 
ents of Muth and Alonso are reviewed 
nd updated. Section III discusses the esti- 
ion of land demand and travel costs for 
jifferent income groups. In Section IV, 
ese estimates are used to simulate a com- 
etitive locational equilibrium between in- 
ome groups on the basis of preferences for 
nd and travel. The results suggest that al- 
ough higher income may tend to generate 
uburban locations, the differences in land 
ids that lead to this pattern are small and 
tatistically insignificant. The long-run 
heory of a competitive land market is 
herefore at least a lesser determinant of the 
come-location pattern in America. The 
‘utrent spatial income gradient in metro- 
volitan areas would seem to be more the re- 
sult of social or racial externalities and the 
ncentives produced by municipal decen- 
alization. 










H 


In Muth’s original discussion of income 
ind location, consumers faced a known rent 
tgðient, and by maximizing utility, selected 


4 
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ere has been no attempt to determine em- 


WHEATON: DEMAND FOR LOCATION 621 


that distance where the marginal savings in 
land expenditure exactly balanced the in- 
crease in commuting costs. Muth argued 
that if a consumer with greater income had 
the same marginal cost of travel, but higher 
land consumption, then the distance at 
which this first-order condition held would 
begreater. If, on the other hand, the wealth- 
ier consumer’s travel costs were substan- 
tially higher while his land consumption 
was almost the same, then optimality would 
dictate a closer more central location. 

Alonso’s version of this argument was 
based on his so-called “bid price” approach 
to the urban land market. Viewing the mar- 
ket as an auction place, consumers offer 
bids for the use or purchase of land. Since 
landlords are inherently spatial monopo- 
lists, and consumers atomistic, each parcel 
of land goes to the highest bidder. The 
equilibrium rent profile is thus the outer en- 
velope of such bidding. Since the bid price 
approach is used in this study, it is de- 
veloped more formally below. 

Consumer “bids” are more precisely de- 
fined as the maximum surplus per unit of 
land (rent) that can be extracted from 
households, subject to the constraint that 
such payments leave the household no 
worse off than others of similar means. This 
uniform level of welfare is denoted as u’, 
and is obtained from the consumption of 
land g, other goods x, housing H, and the 
disutility of commuting distance t. 


(1) uo = u(x,q,t, H) 


The consumer’s bid price for land is de- 
rived from his income y and his budget con- 
straint (2). The bid price for land is R, while 
c(H) is the cost of housing, and k(t) is the 
money cost (as opposed to disutility) of 
traveling distance £. 


_ Y- k@) -x - cA) 


(2) R 7 


With u° and t taken as parameters, a con- 
sumer’s bid price for land is the maximum 
value of (2) subject to (1). Assuming long- 
run flexibility, x, q, and H are all considered 


~ 
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variable. Lezting A be the Lagrangian asso- 
ciated with the constraint (1), bid price 
maximization yields the constraint (2) and 
the margina_ conditions (3) below. 


Ou 
3 ALL R 
(3) T /q 
eu 
au _ ac 
ASHT aH! 


From the envelope theorem and the con- 
ditions above, the influence of distance on 
bid prices can be determined as: 

(4) dR _ JR -ak 


du 
sa ara i— 
d at /q + ar 


ðu dk 
1/4 je, za) A a: 

If land in the long run is allocated to 
those bicdirg the highest price for it, house- 
holds with relatively flat bid price gradients 
must ultimately wind up locating at greater 
distances than households with bid price 
gradients that steeply decline over distance. 
This is not only an equilibrium, but an effi- 
cient arrangement as well, for a steeper bid 
price gradient means an individual places a 


higher marginal value on central locations. 
To Alonso, then, the influence of income 


‘ on location reduces to a question of how in- 


come y alters the slope of the bid price 
gradient (4). This, of course, depends on the 
same tradeoff discussed by Muth. On the 
one hand, greater income increases land 
consumption g, which from (4) is seen to 
make the bid price gradient flatter over dis- 
tance. At the same time it will usually in- 
crease the marginal expenditure or income 
value of travel (éu/dt/du/dx), and this 
makes the cffered price gradient steeper. If 
the total marginal cost of travel, the brack- 
eted term in (4), is denoted by MCT, then at 
a fixed location the derivative of the bid 
price slope with respect to income is: 





(5) 
dR  MTT[| dqy , dMCT y 
didy yq dy q dy MCT 
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If land is more income elastic than tot: 
marginal travel costs (MCT), then greate 
income reduces the slope of the bid pric 
gradient, suggesting that the wealthy wil 
live further from the center. If total mar 
ginal travel costs are more elastic, then bid 
become steeper with income, and the ricl 
locate centrally. 

Alonso acknowledged that bid pric 


‘gradients must really be compared only itr 


a general equilibrium solution. This necessi 
tates determining an appropriate utility 
level (u° in (1)) for each group of simila: 
consumers. Again from the envelope theg 

rem and condition (3): 


(6) dR/du° = -À <0 | 


In order to bid more for land, a group o 
households must accept a lower level of wel 
fare. This allows that group to capture o: 
bid away an increasing amount of lanc 
from other groups. Since lower utility level: 
yield higher bid prices, they will also reduc 
the chosen levels of land consumption. Thi 
equilibrium solution is thus a set of utility 
levels, such that the area over wach 
household group has the highest bid exact, 
equals their aggregate desired land con 
sumption. 

In both Alonso’s model and this em 
pirical study the urban plain is featureless 
all employment centrally located, and trans. 
portation continuous. Land development 1 
thus circular and each household group (i 
will locate its N; members in one or mors 
radial rings. Let R,(u;,¢) and q;(u;, t) stanc 
respectively for the bid price and land con- 
sumption gradients that are solutions to G 
and (3). Equilibrium requires determining, ! 
set of utility levels so that the areas com- 
manded by each group, defined as e; in (7). 
just meet their land demands as defined ir 


(8). 
(7) 


(8) 20 fi t/q:(u;,1) dt = 


€j = [t:. R;(u;, 2) > = j xi] 


over all groups |; 


The final resolution of the Muth-Alopsc 
argument thus rests on being able to csi 


N 


A 
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ate bid price and land consumption func- 
ions for different economic groups and 
hen using these in a small simulation of 
ompetitive bidding. This will determine the 

cational order by distance that obtains in 
| general equilibrium, and consequently the 
elative steepness of different bid price 
radients. 





mm 


The solution to the long-run competitive 
idding model described in the previous 
ction depends on several pieces of in- 
rmation, but most importantly on the 
tructural form and parameters of con- 
umer utility functions. The standard way 
of estimating these is with a set of demand 
‘quations, and several recent studies have 
ittempted this for housing and locational 
shoice (see Gregory Ingram et al.; Mahlon 
strazheim). A complementary technique 
jeveloped by this author in a previous 
yaper is based on a modification of the bid 
‘ent approach. This procedure recognizes 
that because of historical evolution, most 
fities do not achieve the kind of complete 
supply-demand equilibrium that character- 
zes the Alonso-Muth models. Since the 
ousing stock is replaced or altered only 
radually, its characteristics are essentially 
xed in the short run. Given high mobility 
uring this period, it is reasonable to expect 
hat consumers will “trade? among one 
nother to obtain an “exchange equilib- 
ium.” Without complete supply adjust- 
ent, ostensibly identical households will 
ave to occupy different housing and pay 
propriately different rents. Assuming 
equilibrium, the combination of rent and 
housing attributes that identical households 
consume must lie along an indifference 
surface. With sufficient data it should be 
possible to estimate consumer utility 
‘parameters by fitting this surface. 
| In order to derive the estimating equa- 
tion implied by this approach, a group of 
identical households are hypothesized to 
have a utility function of the generalized 
CES form (9). The variables q and x are de- 
ed as in Section II, while T is the time 


`~ 


í 
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spent in traveling distance t and the h; are 
housing attributes of the vector H. This 
function has quite broad properties and in- 
cludes the Cobb-Douglas form as a limiting 
case. 


(9) u° = —x~% — ByT()-*T — bag" 
= 2 Bh; 


The consumer’s budget constraint (10) 
can be incorporated into this utility func- 
tion to yield the total offered rent (R) for 
any fixed combination of locational and 
housing attributes that exists in the short 
run (11). Naturally, such payments will de- 
pend on those attributes, transportation 
costs k(t), and consumer income y. 


(10) y= Rik) +x 


AD R= y- kÀ) - -us ~ BrT (°T 


— bg“ — 2 akc 


For a sample of households which are de- 
fined to have identical income and tastes, 
equation (11) should hold across their dif- 
ferent patterns of location and housing con- 
sumption. Assuming some stochastic speci- 
fication, it should be possible to find the 
maximum likelihood estimates of the utility 
parameters ay, Br, Ags Cas ais Bi, Oo, and 
the utility level u°.’ 

A critical issue in the development of this 
estimating procedure concerns the problem 
of how to group households so as to best 
meet the assumption of “‘identicalness.” 
Clearly, various socioeconomic groups can 
be expected to have different preferences, so 
household samples should be homogeneous 
at least with respect to age or life cycle, 
household size, race, and occupation. 
More problematic, however, is the question 
of whether the sample should also be strati- 
fied by household income. If one postulates 


\{t is important to make clear that this estimating 
process does not assume cardinality of utility func- 
tions. Any order preserving transformation of (9), 
say g(—), leaves (11) unchanged. The constant util- 
ity level is simply reinterpreted as g~} (u°). 


624 


THE AMERICAN ECONOMIC REVIEW 


SEPTEMBER 19 


TABLE 1—ESTIMATED HOUSEROLD PREFERENCES FOR LAND AND TRAVEL 





Household Strata” l 2 3 4 5 6 7 
Income {tho sands) 5-10 19-15 15-25 254 5-10 5-10 10-15 
Size 3-4 3-4 3-4 3-4 1-3 1-2 5-6 
Age 30-55 30-55 30-55 30-55 -30 56+ 30-55 
Sampie 106 144 100 45 120 79 69 
R2 17 67 82 52 90 62 B 
ĝu / du 
Tu J u ee 14 73 166 512 103 42 79 
ðT/ ax 

zips 6 102 235 724 169 84 110 
oe = -q = 05 6620 6390 12310 13150 2410 ` 8702 50800 

g/ ax 

= .30 1032 1048 1520 2148 401 1368 11925 
g chosen at: R = $20,000 163 168 246 35 066 21 233° 

oe i 
Rj E aju E Ja -223 -247 -198  -215, -665 -187 -IBI | 
dt \\dt at/ ax dt 
eee aay a Ja -400 -410 °-394 -408 z - _ | 
dt dt dt 


4All are white, white-collar occupations. 


Note: T = hours of travel time each work day; x = dollars of “other” expenditure per year evaluated by strata a 
5000, 8500, 16000, 39000, 5700, 5000, 8900; g = acres of land; dT /dt = .04 (25 mph); dk/dt = $36/year (6¢/mile). 


the existence of classical “income effects,” 
it makes little sense to stratify groups by in- 
come as wel. as socioeconomic characteris- 
tics, for then the stratification becomes the 
explanation Zor the income effect. This sug- 
gests that equation (11) be estimated within 
socioeconomic groups, but across income 
levels. Of course, in this case u’ will no 
longer be constant, instead it will vary 
monotonically with income. This added re- 
lationship can be.estimated within equation 
(11) and ia principal presents no problem.” 
The argument against this approach is 
that while income effects exist over time for 
particular individuals, in a cross-sectional 
sample the impact of different income may 
also réflect different backgrounds. Families 
of greater income usually have more educa- 
tion, acquired wealth, and different refer- 
ence groups. As a consequence, there may 
be little reason to expect that preferences or 
utility parameters are independent of in- 
come in a cross-sectional sample. Instead of 
estimating a single utility function across in- 


2° can de replaced in (11) by the expression By y KA 
and the parameters £, and a, estimated along with 
the rest. 


come levels and then varying income to gen 
erate different bid rents, it seems less re 
strictive to estimate a separate utilitl 
function for each income group. | 

Using this estimating procedure for dif 
ferent socioeconomic strata seems ideally 
suited to the purposes of this study. In the 
short run, when the characteristics of hous: 
ing and neighborhoods are fixed, consume! 
location and rent patterns provide sufficien 
information to estimate utility parameters 
These are then used to determine a long-rur 


_locational equilibrium of the Alonso type. 


where housing capital is mobile and house- 
hold decision making depends only on th} 
tradeoff between land and travel. 

In my earlier paper, a sample of several! 
thousand households in the San Francisco 
Bay Area served as a basis for estimating 
utility parameters (see Bay Area Transpor- 
tation Study Commission). The stratifica- 
tion of households by income, life cycle, 
size, race, and occupation resulted in small 
sample sizes, so parameters were eventually 
estimated for only seven of the more pop- 
ulous strata. A description of strata chars 
acteristics is found in the first four lines ¥ 
Table 1. The influence of income on loca- 
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tional preferences, when demographic char- 
acteristics are fixed, is discernable by exam- 
ining strata 1 through 4. The final three 
strata exhibit variation in household size 
and life cycle when income is constant. 

In addition to unit lot size, the housing 
attributes available in the sample included: 
number of rooms, age, and condition. Be- 
sides the travel time and cost to the re- 
spondent’s primary work place, locational 
information included the proximity of the 
area to retail services and the distribution of 
income in both the unit’s neighborhood and 
encompassing political jurisdiction. These 
latter variables should implicitly account 
for various fiscal and social amenities. 

It is beyond the scope of this study, and 
not really its purpose, to present a detailed 
discussion of the estimated parameters. 
Most were significant, and readers in- 
terested in the methodology should refer to 
the earlier research. The intent of this paper 
is to determine what these parameters imply 
about income and long-run locational pat- 
terns. 

Turning to Table 1, the first five lines de- 
scribe the seven household strata along with 
the R? values for the estimated bid rent 
functions. Using the parameters of this 
function, which are in effect utility param- 
eters, lines 6 and 7 compute the mar- 
ginal expenditure, or income value, of one 
hour saved in daily travel time.? Since 
“other” expenditure x is in annual dollars, 
these figures represent the value of an hours 
commuting each day for a full work year. In 
keeping with the convexity of indifference 
surfaces, greater commuting time always 
‘has increasing marginal value.* 

Examining the differences across income 
groups, a 400 percent increase in earnings 
between strata 1 and 4 raises the value of 
commuting time by anywhere from 1,000 to 
3,000 percent. Clearly, the distaste for com- 


3From (9) this marginal rate of substitution is: 


du j ĝu 


-aT Ox OG Ud a 


where ar, Sr, and a, are estimated from (11). 

4This is consistent with theory if the wage rate is 
‘fixed or at least independent of commuting. 
f 
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muting is quite income elastic. What is per- 
haps more important, however, is that de- 
spite such an income elasticity, the value of 
commuting time is quite small in absolute 
terms. For the lowest income group it aver- 
ages around 15¢ per hour? or roughly 5 per- 
cent of the wage rate. This increases until at 
the upper income bracket the value is $2.15 
per hour, or 12 percent of the wage rate. 

While values for commuters’ time in this 
range may seem low, the figures here are 
actually fairly comparable with estimates 
developed in the transportation literature. 
Anne Friedlaender’s 1965 study of the inter- 
state highway system valued time at 2.5¢ 
per mile or around $1 per hour. Several 
years later Thomas Domencich and Gerald 
Kraft estimated auto time and cost demand 
elasticities, which in turn implied a “‘cost 
equivalent” value of time that was only 80¢ 
per hour.® More recent studies by Charles 
River Associates in Pittsburgh and Los 
Angeles found similarly low cost equivalent 
figures around $1.20 per hour. In fact, the 
only study to produce different figures from 
these is by Daniel McFadden. McFadden’s 
micromodel estimated the value of com- 
muting time as a constant fraction of the 
wage rate—around 20 to 30 percent. While 
these numbers are almost twice those de- 
veloped here, it must be remembered that 
his model constrained the value to be a con- 
stant fraction of income, while the model 
here takes this as problematic. It is also im- 
portant to note that during simulation the 
demand elasticities which emerged from 
McFadden’s micromodel implied a smaller 
value for commuting time, again only 
around $1.00 per hour. 

Holding income constant, Table 1 sug- 
gests that social characteristics also play a 
role in determining one’s preference for 
commuting. While family size appears to 


SObtained by dividing the marginal rates of sub- 
stitution in Table 1 by an assumed 300 commuting 
days per year. 

SGiven time and cost elasticities, Ey, Ee, with re- 
spect to auto demand (u), the cost equivalent value of 
time is: 


de ðu j du _ 
dT” = je ar 
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have no effect (stratum 7 versus 2), both 
older and younger households do have a 
substantially greater value for commuting 
time (strata 5 and 7 versus 1). 

The second determinant of bid price 
slopes is the income elasticity of land de- 
mand, and moving to lines 8 and 9 of Table 
1, marginal rates of substitution between 
land and “other” goods have been com- 
puted for each stratum. For a fixed level of 
land consumption, these vary by 100 per- 
cent between strata 1 and 4. Not surpris- 
ingly, this results in a comparable increase 
in land consumption when location is fixed 
15 minutes from work and land is priced at 
$20,000 per acre (line 10). The computed in- 
come elasticity of land consumption, then, 
is around .25. Unfortunately, there are no 
published estimates of land demand with 
which to compare these results. The only re- 
lated estimate would be the aggregate in- 
come elasticity of total housing consump- 


tion, most recently established at around .7- 


(see Garrett Vaughn; R. K. Wilkinson). The 
difference between these figures may be 
attributable to the fact that the land esti- 
mates here exclide any changes in location 
with income. If the rich live further out, 
then the spatial “‘price effect” will widen the 
differences in land consumption. Aggregate 
studies ignore the spatial dimension and 
hencecapture this under an “‘income effect.” 

Table 1 also reveals important differences 
in land demands by social characteristics. 
Younger households (income constant) 
have a noticeably lower land demand, and 
older residents nave a slightly higher pref- 
erence. Finally, greater family size sig- 
nificantly increases the desire for a larger 
lot. 


The next to last line in Table 1 is the most 
important fer the discussion here. Com- 
puted from equation (4), it represents the 
distance derivative of each stratum’s bid 
price gradient—evaluated 4 miles from the 
city center and assuming each household 
group is at a level of utility where their bid 
prices intersect at $20,000. Stratum 6, com- 
posed of young people entering or not yet in 
family formaticn, clearly dominates all 
other households with the steepest bid price 
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curve. This results from their high distaste \ 
for commuting and an extremely low de- 
mand for land. Furthermore, it implies that 
they should locate most centrally in a sim- 
ulation of competitive bidding. Poor and 
moderate income households (strata | and 
2) have the next most steeply sloped bids 
and presumably will locate just outside of 
the urban center. Wealthy. households 
(strata 3 and 4), older families whose chil- 
dren have left (stratum 6), and large fam- 
ilies (stratum 7) have slightly flatter bid 
gradients and should locate more periph- 
erally. The differences in bid slopes among > 
these latter groups, however, all seem quite 
small in comparison with that of stratum 5. 

Comparing the first four strata in more 
detail, rising income is seen to decrease the 
slope of household bids very slightly, al- 
though the relationship is not completely 
monotonic. The weaithiest households 
(stratum 4) have bids that are somewhat 
steeper than those of stratum 3, but not as 
steep as strata 1 and 2. In terms of percen- 
tages, these differences are all quite small, 
however, since a 400 percent increase in in- 
come reduces bid slopes by only 10 percent.— 

At first glance, these results seem some- 
what difficult to explain. The demand for 
land is certainly inelastic (.25) while the 
value of commuting time is quite income 
elastic (3.0-5.0). From equation (5) one 
should therefore expect the time effect to 
dominate and lead to sharply steeper bids 
with greater income. The reason why this is 
not the case is that the slope of household 
bids depends on how the income elasticity 
of land compares with the income elasticity 
of total travel cost—not just time costs. 
When the direct money costs of travel are 
added to the time costs, the result is that 
total transport costs have an income elas- 
ticity of around .25—-very close to that for 
land. 

To see this, it must be recalled that in the 
original bid rent estimating equations (11), 
the money costs of travel were assumed to 
be around 6¢ per mile (1965 dollars). With 
about 300 round trips per year, a move one 
mile further from the center results in addis . 
tional annual transportation outlays of $36.) 


XY 


} 
f 
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‘If highway speeds average 25-30 mph, then 
‘this additional round trip mile of commut- 
ing uses up approximately .07 hours. Ac- 
cording to line 6 of Table 1, this is annually 
worth anywhere from $1.00 to $39.00 
(strata | and 4 at T = .5). The total annual 
cost of a mile of travel to stratum 4 is thus 
$75 or about twice that of stratum 1 ($37). 
This almost exactly matches the increase in 
land consumption between these groups. 

It is important to note that quite similar 
conclusions are reached when McFadden’s 
‘cost equivalent values for time are substi- 
tuted for those of this study. The final line 
in Table 1 computes the slope of each stra- 
tum’s bid price profile under the assump- 
tion that the value of commuting time is 
25 percent of the appropriate wage rate. 
Since these values of commuting time are 
| higher than those previously used, it is not 
‘surprising to find that all bids are more 
steeply sloped. The interesting result, how- 
ever, is that across income groups the dif- 
ferences continue to be surprisingly small. 
| All of this suggests that income in fact may 
not be a strong determinant of long-run 

cation patterns. 
| Any such conclusions at this point would 
| have to be considered mostly speculative. 
The relative bid price slopes of different 
Strata, when evaluated at a common arbi- 
trary point (4 miles, $20,000), are only 
suggestive of the solution that will prevail 
in a general equilibrium when bid price 
curves intersect at different points. That 
solution itself must be obtained to deter- 
mine the results which hold when land de- 
mands exactly balance the supplies ob- 
Viained through competitive bidding. 





IV 


To simulate a long-run equilibrium in the 
urban land market requires additional sys- 
tem parameters besides consumer utility 
functions. For the first of these, the circum- 
ference of the city was assumed two-thirds 
circular to represent the loss of land to 

-water in the San Francisco region. All em- 
Lgpyment was centrally located and land 
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around this point was divided into small 
rings, each .2 miles in width. Airline dis- 
tance from each ring to the center was then 
converted to travel time, with an assumed 
velocity relationship. Central speeds aver- 
aged 10 mph, while at the fringe they 
reached 50 mph. The opportunity or rural 
price of land was set at $5000/acre, and in 
keeping with the estimated bid rent func- 
tions, the cost of travel was 6¢ per mile. A 
linear function was used for the annualized 
construction cost of housing with a fixed 
component of $1000, and a variable cost 
per room of $200. Finally, the total popula- 
tion of the simulated city was set at slightly 
over one million households, and was parti- 
tioned into each of the seven strata in pro- 
portion to that group’s current representa- 
tion in the region. 

In order to determine the competitive 
bids of different households, all potential 
housing in the city was assumed to be 
“new” and of “sound” quality. Thus, con- 
sumer preferences for these attributes, esti- 
mated in the original bid functions, would 
exercise no influence over long-run loca- 
tional choice. In a similar manner, to stay 
within the Alonso-Muth framework, social 
and fiscal amenities were also assumed to 
be uniform throughout the region. Strata 
preferences for externalities would there- 
fore also play no role in locational decision 
making. Given initial utility levels, the mar- 
ginal conditions (1)-(3) were solved to 
determine each stratum’s bid price, land, 
and housing consumption in every ring. 
All land within each ring was allotted to 
that group which offered the highest net bid 
price. These land areas were converted into 
a population “holding capacity” by divid- 
ing with the “winning” stratum’s land con- 
sumption in that ring. Aggregating over 
those rings commanded by each group 
yielded an aggregate holding capacity for 
each stratum, based on the structure of bid- 
ding that followed from the initial utility 
levels. 

The general equilibrium conditions (7) 
and (8) require that these holding capacities 
(labeled D;) exactly equal the specified 
number of households in each stratum 
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TABLE 2—-EQUILIBRIUM LOCATION PATTERNS IN A LONG-RUN 
COMPETITIVE LAND MARKET 


Households Ranked 
by Location Order l 
Household/Inner Ring 5/9 
Price 66,300 
Land 018 
Household /Inner Ring 2/2.4 
Price 28,900 
Land lid 
Household/Inner Ring .° : 1/6.0 
Price 18,200 
Land -178 
Household/inner Ring 7 {8.8 
Price 13,500 
Land 227 
Household /Inner Ring 3/11.2 
Price 10,100 
Land 431 
Household/Inner Ring 6/13.8 
Price 7,700 
Land 498 
Household/Inner Ring 4/154 
Price 6,480 
Land .980 
Urban Border 17.8 


Note: Household (stratum)/Inner Ring (miles); Price (oleis); Land (acres). 


i (N;). If group i’s holding capacity is less 
than N,, its utility level (u;) must be lowered 
in order to raise its bid price gradient and 
“capture” 
well and so to obtain equilibrium utility 
levels, the iterative process (12) was used: 
(12) u; = ufo! + a;lDi — Ni] 
At iteration t — 1, utility level uj~' gen- 
erates the holding capacity Di~! which 
then is used to adjust utility to uj. Experi- 


ments revealed that a fairly wide range of . 


values for the adjustment coefficients (a,) 
would lead te convergence over all seven 
strata. The results of the initial equilibrium 
solution are shown in Table 2, as simula- 
tion 1. 

In Table 2 the inner ring of each house- 
hold represents the radius or distance at 
which that stratum begins its locational 
“band.” Thus, stratum 5 occupies all land 
from the city center to a distance of 2.4 
miles, while stratum 2 occupies land from 


more land. The reverse holds as. 


Simulation 
2 3 4 
5/0 5/0 5/0 
68,000 69,000 87,500 
O18 021 .010 
2/2.8 7 {3.0 2/2.0 
28,600 26,400 32,000 
116 152 061 
4/5.8 1/6.8 4/3.8 
20,500 17,600 24,700 
33 215 12 
7/99 3/9.8 1/5.4 2 
13,200 12,850 18,200 
28 372 143 
1 /10.6 2/12.6 6/7.0 
9,500 10,100 14,000 
31 45 .192 
3/13.2 6/14.0 7/8.4 
8,000 8,900 11,900 
52 56 32 
6/16.0 4/16.2 3/12.4 
5,700 7,280 7,100 
65 1.60 47 
17.2 21.4 15.6 - 


that point outward to a distance of 6.0 


miles. At the beginning of each stratum’s 
band, the bid price and land consumption 
for that stratum are also reported. The final 
line gives the urban border, or the point 
where the bid of the outermost locating 
household equals the opportunity price of 
urban land. 





| 
i 
i 


Examining the first simulation, stratum 5 | 


locates centrally as would be expected from | 
the analysis of bid price slopes in Table L- 


Its sharply steeper bid function gives it 4 


clear domination over the closest locations.: 
Among the first four strata, rising income is 
seen at least partially to result in more dis- 
tant locations. The one exception is stratum 
2 which locates closer than stratum 1. 
This conclusion is somewhat consistent 
with Table 1. There, the anticipated loca- 
tion order was (closest to farthest) 2, 1, 4, 3. 
The equilibrium order is: 2, 1, 3. 4. Finally, 
strata 6 and 7 locate at relatively inter- 


mediate distances whereas Table | ae á 


suggest very peripheral sites. Of course, * 


\ 





| 
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TABLE 3—STRATA BID PRICE GRADIENTS AT INITIAL EQUILIBRIUM 


y 

Location 5 2 l 
1.0 (mile) 48,000 34,200 31,900 
4.0 15,500 23,100 22,800 
7.0 5,300 16,000 16,200 

10.0 620 11,000 11,400 

i2.0 . 8,600 8,900 

14.2 2 6,300 6,600 

16.4 E 4,900 5,100 


a Dollars per acre. 
>Bid less than zero. 


a 


reason that Table 1 imperfectly predicts the 

| location pattern is that it compares bid 
slopes éx ante, at a single and somewhat 
arbitrary intersection point. Such a com- 
' parison is in fact valid only ex post, at the 
true equilibrium boundariés. At first glance, 
then, the results of the initial simulation 
suggest that greater income may lead to 
more distant locations in a long-run com- 
petitive land market. Unfortunately these 
results do not hold up with any statistical 
rigor. That is to say, they are largely the 
product of chance. 

Refering back to the discussion in Sec- 
tion III, Table | showed that the differences 
in bid price slopes among the first -four 
strata were quite small—on the order of 
only 10 percent. This, it turned out, was due 
to the fact that the income elasticity of total 
travel costs was approximately the same as 
that for land. This suggests that the bid 
price gradients which produced the simula- 
ion in Table 2 may also be quite similar. 
Fo determine this, Table 3 reproduces the 
equilibrium gradients of each strata. 

If stratum 5 is excluded for the moment, 
the variation in bid prices ranges from 20 
percent at the city center and urban border 
to only 4 percent at a distance of 10 miles. 
This seems quite small, especially when 
these strata are compared with the bid 
structure of younger households in stratum 
„5. What is equally important is that the 
highest or winning price at a particular lo- 

cation is at most a percentage point greater 
ah the bid of the next most competitive 






Strata 
7 3 6 4 
27,800 28,300 26,400 30,000 
21,200 20,500 19,800 20,200 
15,900 15,300 14,800 14,700 
11,500 11,300 11,000 11,010 
9,000 9,150 9,100 9,050 
6,300 7,100 7,150 7,100 
4,400 5,600 5,700. 5,800 
household. Thus, with the exception of 


stratum 5’s central location, the entire 
equilibrium pattern seems to result from 


‘very small differences in bid price gradients. 


Clearly, it is necessary to determine how 
robust these differences are with respect to 
the various parameters ‘that determine 
them. 

The first group of parameters tested in- 
cluded those that do not influence re/ative 
consumer preferences for location or land 
consumption. The housing cost function, 
total urban population, and the opportun- 
ity price of urban land are all such param- 
eters, and reasonable perturbations of their 
initial magnitudes did not affect the loca- 
tional order of households. To bé sure, in- 
creasing the fixed cost of housing ‘from 
$10,000 to $15,000 and raising the oppor-.. 
tunity price of land from $5,000 to $10,000 
each resulted in more compact, higher den- 
sity equilibrium cities. The location ranking 
of households, however, remained the 
same. In a similar manner, reducing the 
urban population by 50 percent created a 
smaller, lower density city, but did not 
alter relative location patterns. 

The second group of parametérs included 
those which could affect the relative bids of 
consumers: the money cost of travel, the 
speed or velocity function assumed, and of 
course the utility parameters of each stra- 
tum. Increasing the money cost of travel 
from 6 to 10¢ per mile increased central 
rents, but did not alter the pattern of loca- 
tion. The discussion in the previous section 
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suggests that because a higher money cost 
of travel decreases the income elasticity of 
total travel ccsts, it should enhance the ten- 
dency for wealthier households to locate 
further from the center. Since the initial 
simulation resulted in this arrangement to 
begin with, increasing the cost of travel 
further had no additional impact on rela- 
tive household location. On the other hand, 
.decreasing the money cost of travel from 6 
to 3¢ caused quite a significant change in 
the equilibrium solution. By allowing the 
income elastic disutility of travel to play a 
more dominant role, a lower money cost of 
travel almost reversed the location pattern 
of the ariginal simulation. The resultant 
equilibrium is found in Table 2, as simula- 
tion 2. Reducing the speed of travel had 
similar results. In the original simulation, 
the speed of travel was assumed to’ start at 
10 mph in the city center, reaching 45 mph 
at distances greater than eight miles. As an 
alternative, a uniform speed of 25 mph was 
tried. The slower speed in the suburbs in- 
creased the steepness of wealthy household 
bids, while faszer city speeds had the effect 
of flattening the relevant portions of low in- 
come bid gradients. The result was an 
equilibrium almost identical to the second 
simulation in Table 2, one where the loca- 
tion order is close to being reversed. Thus, 
it seems safe to say that the spatial income 
gradient produced by this study is indeed 
sensitive to the assumed characteristics of 
` urban travel. 

Perhaps the most important test of ro- 
bustness is whether the simulation is sensi- 
tive to small perturbations in consumer 
utility parameters. Since these are stochastic 
variables, fluctuation within one standard 
deviation of their value could occur by 
chance. If changes of this magnitude pro- 
duce alternative location patterns, then 
these patterns may be largely random phe- 
nomena. To test the statistical robustness 
of the locational equilibrium, two simula- 
tions were developed in which each utility 
parameter was perturbed slightly. Since the 
variance-covariance matrix of the esti- 
mated parameters had significant nondiag- 
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onal elements, the pattern of perturbation 
was not purely random. The estimate o 
each a in the utility function (9) was cor- 
related (negatively) with its corresponding 
@ parameter. Thus in each test, if an a was 
perturbed upward, the 8 was moved down- 
ward, and vice versa. As between commodi- 
ties and households, the perturbations were 
random-——-and always less than 1/2 of each 
parameter’s standard deviation. Variation 
of this small a magnitude is highly prob- 
able, due to chance alone. 

The resulting equilibria are found in 
Table 2 as the third and fourth simula- 
tions. The locating arrangement of each ís 
quite different from the other, and both in 
turn are different from the initial solution.’ 
With the exception of stratum 5’s centrality, 
the locational order of the first equilibrium 
is simply not sustained under reasonable 
parameter perturbation. Very little con- 
fidence can be placed in the original con- 
clusion that greater income will even par- 
tially lead to more distant residential 
locations. 


v q 

It is perhaps unusual to think of insig-. 
nificant results as having significant con- 
sequences, yet in many respects that is 
precisely the implication of this study. It is 
the view of some urban theorists that 
households of greater income select more 
distant suburban locations as a natural 
consequence of long-run spatial competi- 
tion. For this to be the case, the income 
elasticity of land consumption must exceed 
the income elasticity of the cost of travel—] 
including the value of commuting time. 
Based on cross-section data, the results of | 
this study strongly suggest that these two’ 
elasticities are very similar, in fact so much 
so that the spatial bidding for land of dif- 
ferent income groups looks almost identi- 
cal. The locational equilibrium that results 
from these differences in bidding is not at 
all robust. Its sensitivity to changes in util- 
ity parameters, small enough to occur by 
chance, indicates that any location patterns; 
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y income that results is in some sense 
‘atistically unreliable. 

The indirect implication of this result is 
h the long-run spatial theory of Alonso, 
Mills, and Muth empirically contributes 
ttle to the explanation of American loca- 
on-income patterns. This lends strong 
edence to the view of other urban econo- 
iists that the suburbanization of America’s 
1iddle and upper classes is a response to 
ousing market externalities and the fiscal 
icentives of municipal fragmentation. 
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On Donor Sovereignty and United Charities 


XN 


By FRANKLIN M. FISHER* 


There are eight degrees in alms-giv- 
ing, one lower than the other. ... [The 
second degree] is giving alms in such a 
way that the giver and recipient are un- 
known to each other. ... [One way to 
accomplish this is by] the donation of 
money to the charity fund of the Com- 
munity, to which no contribution 
should be made unless there is confi- 
dence that the administration is honest, 
prudent, and efficient. 

Below this degree is the instance 
where the donor is aware to whom he 
is giving the alms, but the recipient is 
unaware from whom he received them. 
The great Sages, for example, used to 
go about secretly throwing money 
through the doors of the poor. This is 
quite a proper course to adopt and a 
great virtue where the administrators 
ofa charity fund are not acting fairly. 

Maimonides 


I. The Problem 


It is common practice for individual char- 
itable organizations to merge their fund 
raising activities. The United Fund or Com- 
munity Chest, the United Jewish Appeal, 
and Federation of Jewish Philanthropies 
are well-known examples. There are ob- 
vious reasons for such mergers. By having 
a common fund drive, the combined organi- 
zations save considerable expenditure of re- 
saurces which would otherwise be largely 
duplicative; moreover, prospective donors 
are saved the annoyance of having more 
than one solicitor call. For both reasons, 
the net receipts of the combined charities 
may well go up. 

On the other hand, such charitable com- 
binations impose a hidden cost on their 


donors. Whereas before the merger a donor — 


could control the separate amounts which 


*Professor o? economics, Massachusetts Institute 
of Technolagy. 
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he gave to each charity, after the merger he 
can generally only control the total amount 
of his gift. The allocation of that total wil 
generally be decided by the merged organi 
zations. If the donor cares about that allo- 
cation, he may be less well off than before. 

This phenomenon is plainest where the 
managements of the combined charities Fs, 
the allocation explicitly; it is likely to b 
present, however, even where there is some 
effort made to accommodate donor pref- 
erences. Some merged fund drives, for ex 
ample, allow each donor to specify how hi 
gift is to be allocated. Clearly, if every 
donor did so, there would be no utility lost 
from the inability to control such alloca- 
tions. In practice, however, large numbers 
of donors do not avail themselves of this 
opportunity. The result of this is that a a 
large sum of otherwise unallocated money 
is distributed by bargaining among ths 
managements of the component charities! 
One very important element of that bar- 
gaining inevitably becomes the ciara 
needs of each organization after taking int 
account the earmarked funds. Hence, if one 
charity gets a high proportion of the ear- 
marked funds, it is likely to do relatively 
less well in the later bargaining for the un- 
differentiated funds than a charity receiving 
smaller earmarked donations.’ If donors 
perceive this to be the case, then they will 
also perceive that their earmarking does noj 
affect the ultimate disposition of their gifts’ 
(Indeed, this may be one reason for the 
failure to earmark, although certainly not 
the only one.) 


[This does not have to be the case, of course. The 
management of the combined charity, for example, 
could take earmarking as an expression of donor 
preferences and divide the undifferentiated funds in 
the same proportion as the earmarked funds. Such a 
solution is unlikely to be very stable in practice, 
however, unless every individual charity gets as much, 
as it would expect to get on its own. In general, bars 
gaining over fair shares is likely to be a complicatg® 
business. 
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Moreover, if the combined fund drive ac- 
i counts for a large share of the funds raised 
by the component charities, the same phe- 
nomenon can arise even if those charities 
have supplemental individual fund raising 
activities. A donor giving to a particular 
' charity may be directly contributing to it 
but may be weakening that charity’s bar- 
gaining position in the distribution of the 
combined charity’s receipts. In this case, as 
in the case of earmarking, if a dollar of 
direct contribution results in a dollar less of 
allocation from the combined fund, then 
Monor activities have no effect on ultimate 
} . . ` 
allocation. If the relation is other than one- 
for-one, then donors can affect the ultimate 
allocation, but not as efficiently as if the 
charities were wholly separate. In either 
case, a utility loss is imposed on the donor.’ 
Do donors care about the allocation of 
their own funds or only about the existence 
of the charities involved? It seems plain to 
me that donors do care about such alloca- 
tions. Certainly it would be a very strong 
assumption to suppose that they do not. 
Unless donors care, it is hard to understand 
Pwhy individuals give more—sometimes con- 
siderably more—to some charities than to 
others. While it is true that charities partake 
of some aspects of public goods (in the tech- 
nical sense), it seems clear that donors de- 
rive satisfaction not merely from the knowl- 
edge that the charities exist but also from 
the sense of themselves participating in a 
worthy cause. Unless they think all causes 
equally worthy, they are likely to care where 
their money goes. 
= Note that this means that utility losses 
fcan be present even if the management of 
the combined charities sets the postmerger 
allocation of funds so that each individual 
charity’s share is the same as it was before 
the merger. (This may, of course, be a 
sensible thing to do.) Even though such an 
allocation is the average, in some ap- 
propriately weighted sense, of the alloca- 
tions which donors would choose, there 


2If donors believe erroneously that they can com- 
pletely control the allocation of their gifts, is there a 
\#a/ utility loss? For my purposes it seems unneces- 
y to explore this question. 
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may be no donor for whom it is the pre- 
ferred allocation of his own money. A 
donor who cares about the allocation of his 
own contribution and not just about the 
total funds going to each component charity 
will then be made worse off by being forced 
to contribute in the average proportion. 

Hence, while combined fund drives pro- 
vide obvious resource savings and may also 
involve utility gains to donors in the form 
of decreased annoyance,’ they are also 
likely to impose utility losses on donors be- 
cause of lessened or lost control over fund 
allocations. Two questions then arise. 

First, if donors are unhappy about the 
way in which their money is to be allocated, 
are they not likely to express that unhappi- 
ness by changing the amounts they give? 
Since the management of the charities is 
likely to be sensitive to the total receipts, 
doesn’t this mean that donors, by voting 
with their dollars so to speak, will influence 
the allocation in the way they would like it 
to go? At the least, one would expect this to 
be true if there is no problem of aggregating 
over donors with widely different pref- 
erences. 

Second, if after the merger, receipts net of 
administrative and fund raising expenses go 
up, can that not be taken as an indication 
that the utility costs imposed on donors are 
more than offset by the resource savings? 
Certainly, if gross receipts go up, one would 
expect this to be an indication that donors 
are happier with the merger than they 
would be without it. Hence one might ex- 
pect to judge whether the merger was worth 
having by looking at gross or net receipts.* 


3As exemplified by the time and trouble of the 
“great Sages’? described in the opening quotation. 
Perhaps it is worth remarking, however, that in 
modern times the merging of charities does not pro- 
vide the donor with the satisfaction of rising one 
step up the Ladder of Charity of Maimonides. The 
feature which distinguishes the second from the third 
degree is the question of the anonymity of the in- 
dividual ultimate recipients, and this is generally 
equally preserved whether or not the charities are 
merged. 

4] am well aware that all of this is from the point of 
view of the donors only. Clearly the merger will be 
worth having from the point of view of the ultimate 
recipients if net receipts go up and each component 
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The present paper shows that both of 
these suppositions are erroneous as general 
propositions. I provide a counterexample 
with a single donor in which the total 
amount given to the merged charities goes 
up as the postrierger allocation moves away 
from that which the donor would choose in 
the absence o? the merger. Indeed, for a 
particular special case, total charitable 
donations are actually minimized at the pre- 
ferred allocation (at least locally). Hence 
management paying attention to total re- 
ceipts will generally be led away from the 
allocation preferred by the donor. It fol- 
lows immediately that one cannot conclude 
the merger was worth having because gross 
or net receipts go up.° Generalization to 
many donors is immediate. 

While the example used is, of course, 
special, it is in no sense pathological.® In- 
deed, as the later discussion suggests, the re- 
sults will certainly hold for a wide class of 
utility-functions. Hence, while there may be 
occasions on which gross (or net) receipts 
provide an appropriate guide to donor pref- 


charity gets at least as much with the merger as it 
would without it. It is not at all clear how one should 
weigh the interests of the recipients against the in- 
terests of the donors. Presumably the donors consider 
the interests of the recipients in making their do- 
nations (formally, the utilities or consumptions of the 
recipients enter the utility functions of the donors). 
Is one justified in teking further account of recipient 
utilities than his and imposing on donors some out- 
side sense of what their charitable obligations should 
be? This is nct a simple question and I do not con- 
sider it further in this paper. 

5Of course donors will probably be pleased if all 
charities get more than before. The issue is whether 
they will be sufficiently pleased to offset their annoy- 
ance at having their allocations restricted and (pos- 
sibly) paying more than they would like, This de- 
pends on the relative importance in the donor’s 
utility function of the donor’s own gifts and the total 
moneys received by the charities. 

6As would be, for instance, a case in which the 
donor insisted that the net amount received from his 
personal donation by a particular individual charity 
be at least some minimum. In such an example, the 
donor would obviously regard the imposition of an 
outside allocation following the merger just as he 
would an additional administrative expense and feel 
compelled to give more to achieve the same net re- 
sult. While instructive, such an example seems too ex- 
treme ta be persuasiv2. 
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erences and to the desirability of mergers 
from the donors’ point of view, they do not 
do so in general. 

I now proceed to the mathematics, post- 
poning heuristic discussion until the ex- 
amples have been given. 














H. The Counterexample 


Assume a single donor who allocates his 
income y among donations to two charities, 
denoted x, and x,, and expenditure on a 
single ordinary commodity, denoted x;. We 
choose the units of x; so as to make its price, 
unity. The donor then (with no merger 
faces the budget constraint 


(1) X, $+ X +t X= y 


The donor maximizes a strictly quasi- 
concave utility function 


(2) U(x) = V(x) + W(x) + Q(x) 

where 

(3) V(x1) = By log(x; — yı) 
W(x2) = B,log(x2 — Y2) 


with the 8; > 0.’ There is no need to restrict 
Q(x;) further than required for strict quasi 
concavity. We assume until further notice 
that 


(4) Bi Y2 # ¥2B; 


Counterexamples are permitted to be spe- 
cial, of course; it may be felt, however, that 
this one is objectionable in a particular way. 
I have made the donor’s utility function de- 
pend solely on his own consumption and his 
own contributions—that is, on his own feel-.; 
ing of contributing to worthy causes. 
Donors can obviously also be interested in 
the existence and level of charities inde- 
pendent of their own contributions (the 
public good aspect of charities referred to 
above), and the donor whose behavior is 
being modeled apparently is not interested 
in such considerations. | 

Such a defect in the example is apparent 


FIt is necessary to assume that x; > y1, x2 > y2 is 
feasible, which will certainly be true if the y; <0, but <! 
can hold even if the y; > 0 provided income is larg z5 
enough. 
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rather than real, however. Let Z, and Z3, 
respectively, denote the level of donations 
by all other individuals to the two charities. 
We could replace (2) by taking the donor’s 
utility function to be 


(6)  U*(x,Z) = F(U(X), Z;, Za) 


| where U(x) is given by (2). Since the Z; are 
outside the control of the particular donor, 
however, we may as well take them as 
parameters and, given the weak separability 
| of (5), treat the donor as though his utility 
function were simply (2). While such sep- 
“arability is also special, continuity will show 
that our results continue to hold when such 
separability is absent but departures from it 
sufficiently small. Since the purpose of a 
counterexample is to place the burden of 
proof on those believing the propositions 
being negated, this is sufficient generality 
for our purposes. . 
Denoting differentiation by subscripts, 
the first-order conditions for the premerger 
optimum are: 


6) V= W= = =À; 
r® ! 2= Q; 
X, + Xp. t+ X3 = 5 


where A is a Lagrange multiplier. 
Now suppose that the two charities merge 
and allocate their funds so that the ratio of 
, the first charity’s funds to those of the sec- 
ond are given by k, a fixed positive constant 
announced to all donors. Hence x, = kx, 
. and the donor now faces the problem of 
choosing x, and x, to maximize 


, (7) U(kx2, X2, X3) = V(kx2) 


d + We) + Q) 
subject to 
(8) (kK + 1) x). + x3 = y 


(Note that the merger changes the relative 
prices of x, and x,, although that is not the 
only thing it does.) 
Define c = x; + x, the donor’s total con- 
tributions to charity. If the conjectures we 
„are examining are correct, then such total 
‘@contributions will be greatest if the merged 
aio sets k at the ratio which the donor 
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would prefer, the ratio he would himself 
choose in the absence of the merger. I shall 
show that this is not the case in the present - 
example by showing that dc/dk = 0 at the 
premerger optimum. It follows that the 
donor’s contributions will rise rather than 
fall as the merged charity’s managers move 
away from his preferred allocation in a par- 
ticular direction. 

The first-order conditions for the post- 
merger optimum are 


(9) kV, + W.4+ (k4+ DA = 0; 
O,+A=0; (K+ )x+x,= y 


which involve the intuitive condition that 
the marginal utility of a dollar consumed 
equals a weighted average of the marginal 
utilities of dollars donated to each charity. 
Differentiating totally with respect to k: 


k’ Vai + Wy 0 k + 1| |@x,/dk 
(10) 0 Q 33 I 0x3/0k 
k+l l 0 ðA/ðk 
Vi + kx Vu +À 
= — 0 
x2 


Observe that, since income is fixed, 
dc/dk = ~—@x;/dk. Let D be the determi- 
nant of the matrix on the left of (10) and ob- 
serve that D > 0 by the second-order condi- 
tions. Inverting that matrix by the adjoint 
method, we obtain: 


(11) dc/dk = — ðx;/ðk = 
(L/D) {Ck + ICY, + kx. Vi, + A) 
— x(k? Va + Wr)} 
= (1/D) i(k + DO: - Qs) 
+ X Vnu = X2Wr!} 


using (9) and the fact that x, = kx. 

Now consider setting k at the allocation 
the donor would himself choose, so that the 
first-order conditions for the premerger 
optimum (6) are satisfied. At such a point, 
V, = Q3. Further, because of the particular 
character of V and W given in (3), the con- 


636 THE AMERICAN ECONOMIC REVIEW 


dition that K = W, becomes 


(12) : B; = Bp 

Xi — Yı X2 — N2 
Hence, at such a point (evaluating M, and 
Wn), (11) becomes 


(13) 
ßıx2 bixi - 
s G5 ae ee aa a 
oe le -Vf ~ a 


ai (28) 


. Xz = Xi 
EX = y Xi — Yı 
However, from (12) 


(14) —22__ _ 2% + (Om — vi) 
"X92 B(x, — yı) 


Hence the sign of ðc/ðk at the premerger 
optimum is the same as that of (B,y2 — 
B21) and (4) states that the latter magni- 
tude is not zero, yielding the desired result. 

I now consider the special case in which 
the inequality in (4) does not hold and show 
that there exist subcases in which total do- 
nations are actually at a local minimum at 
the premerger optimum.® In order to do this 
most easily, otserve the following prop- 
erties which hold at the premerger optimum 
if (4) is violated and the y; are not zero. 

First, since dc/dk = 0 in such a case, it 
follows that 


(15) ax,/ak = — ðxı/ðk = 
ôx; /dk = 0 


Next, from (14) in this case, it must be 
true that 


(16) k = x1 [x2 = 91/72 


Denote by N the term in brackets on the 
far right-hand side of (11) and note that 
N = Q at the premerger optimum in this 
case as does (M — Q3). 

At the premerger optimum in this case, 
therefore, 








X2/(k + 1); 


8] suspect that in some (or all) of these the minimum 
is global, but this is harder to show. 
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(17) @?c/ak? = (1/D)dN/dk = 
G/D) {kK + DV + Vn 


a) 


where use has been made of (15). From the 


+ x Fin + Wa + x2 Wm} 





definition of V, however, 


(18) , 
2 
Vi + x nu = fı ( = 


ob -) 

(xi = ny Wa — Yı 

_ A (3 T A A 
(xı — ny Xı — Yı 


and similarly for W. Using (12), (16), and 
(18), we obtain from (17): 


19) @&c/ak? = 5) Eeim 

ea K o k : = | 
. “ty 
(k + Ne 2 








i 
} 





17 


i 





v1 N 
D(x, -~ yi) 


which has the sign of y;. | 

Thus, while in the very special case we are 
examining, total donations are maximized 
(at.least locally) at the preferred allocation 
if the y; are negative, they are actually at a| 
relative minimum in the equally plausible 
case in which the y; are positive.” As for the 
case in which both y; are zero (thus still 
violating (4)), as one might expect, a 
turns out to be very much a watershed. 
Indeed, in this case, total donations turn, 
out to be wholly independent of thé alloca} 
tion set by the merged charity. To see this, 
observe that in this case the postmeiger 
first-order conditions (9) imply 


Bi + Bo 
Q3 


) 


20) c= (k+ I)a = 


so that x, must satisfy 


Curiously, this turns out to be the case even 
though, in view of (12) and (16), the premerger alloca- 
tion is independent of income so that the donor seems ¢ 
especially attached to it in some sense. ~~ 
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xy + By Ae 


an equation which is independent of k. In 
view of the budget constraint (1), this 
means that cis also independent of k. 


(21) = 


Ill. Heuristics 


What can be said by way of intuitive dis- 

, cussion of these perhaps surprising re- 
sults??? One way of looking at the matter is 
o think of the merged charities as a mo- 

nopolist engaging in a tie-in sale. Without 

the merger, the monopolist has no control 
over the prices of the goods he sells, but 
after the merger he does have some aspects 
of control over their relative prices (see 
| (8)). There is no reason to suppose that it 
will be optimal in the postmerger situation 
for the monopolist to set the relative prices 
as though he had no such control. 
While there is a good deal in this, such an 
explanation ignores the fact that the “‘mo- 

a does not simply set relative prices 
‘but instead makes a much more compli- 

| cated offer. Moreover, this explanation tells 

| us little about the behavior of the donor 
himself and thus begs the question some- 
what. 
Turning to donor behavior, it is easy to 
see (as remarked in an earlier footnote) that 
| certain extreme kinds of utility functions 
will generate the result obtained. But the 
utility functions used above are not par- 
ticularly extreme. What then is going on? 

a One way of seeing that the result is likely 
“to be true is to generalize the extreme case 
just referred to as follows. Suppose the 
donor cares only for Charity A and is in- 
different as to Charity B. Before the merger, 
we can think of him as purchasing ‘‘Char- 
_ity A certificates” at a dollar apiece, where 
each certificate represents the receipt of one 
dollar by Charity A. After the merger, the 
merged charities allocate some fraction of 


_.. For treatment of a somewhat analogous problem, 
“afsee Edmond Phelps and Robert Pollak. 
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the jointly collected funds, say 10 percent, 
to Charity B. From the point of view of this 
particular donor, this amounts to roughly a 
10 percent increase in the price of Charity A 
certificates. We should naturally expect his 
demand for those certificates to fall. There 
is no reason, however, why it must fall by 
as much as 10 percent. If his demand is in- 
elastic, the total dollar donation he makes 
will rise even though he would prefer an al- 
location with 100 percent rather than 90 
percent going to Charity A. 

The important point in considering this 
still special example is to realize that the 
thing bought (dollars delivered) and the 
amount paid (dollars donated) are not the 
same. With this in mind, one can now go a 
bit deeper and consider the underlying 
utility maximizing behavior involved in 
more general cases. Thus, consider the fol- 
lowing argument (which, incidentally, sug- 
gests that the result is not at all restricted 
to the particular utility functions used in the 
counterexamples mathematically explored 
above). Consider a donor at the postmerger 
optimum whose preferred allocation of 
funds is different from that set by the char- 
ity. Clearly, given his consumption and the 
total amount donated to charity, his char- 
itable funds are not being allocated ef- 
ficiently. Now, with consumption fixed, re- 
move the allocation constraint and permit 
him to allocate the same total charitable 
funds in an efficient way. He will do this by 
reallocating funds from the charity with the 
lower marginal utility to the charity with 
the higher marginal utility (see (9)), stop- 
ping when the two marginal utilities are 
equal. At this point, however, the marginal 
rate of substitution between consumption 
and charitable donation will have been 
altered. While it is possible that the mar- 
ginal utility of consumption is now lower 
than that of donation (recall that the prices 
are all unity), there is no reason why this 
must be so. If it is not, he will wish to trans- 
fer funds from donation to consumption, 
thus giving less to charity at the premerger 
optimum than at the postmerger one. 

Another way of looking at the matter is 
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as follows. With consumption fixed at its 
postmerger value, consider the minimum 
expenditure on charity required to reach the 
postmerger utility level if allocations are 
not restricted. Since the allocation restric- 
tion prevents the donor from achieving his 
postmerger utility level efficiently, the re- 
moval of that restriction will enable him to 
do just as well with some money left over. 
Now, it may be optimal for him to spend all 
the money sc saved on charity and even 
optimal for him to do so and then transfer 
funds from consumption to charity, but it 
is not inevitable that he should do so. 
Looked at in this way, there seems no rea- 
son to suppose that he will not wish to 
spend some of the money saved on con- 
sumption, in which case he will give less to 
charity at the premerger than at the post- 
merger optimum. 

As these arguments suggest, removing the 
allocation restriction allows the donor to 
substitute donations to one charity for do- 
nations to the other so as to efficiently al- 
locate his charitable funds. In doing so, 
however, there are effects on the marginal 
rate of substitution between either charity 
and ordinary consumption that can, go 
more than one way. 

This is the best that I have been able to 
do in seeking to explain the results. The 
astute reader will notice that I have not at- 
tempted a heuristic explanation of the re- 
sults for the special cases in which (4) fails 
to hold and the premerger allocation turns 
out to be either a local minimum or a local 
maximum. This is left as an exercise. 


IV. Conclusions 


Even before aggregation problems, there- 
fore, it turns out that donor sovereignty 
over charitable allocations is unlikely to 
occur. Even if the managers of the merged 
charity pay strict attention to donors and 
seek to maximize gross receipts, they will 
not generally be led to the allocation which 
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donors prefer. Indeed, there exist cases in 
which any move away from the donor-pre- 
ferred allocation increases gross receipts. 

A fortiori, it is not the case that one can 
conclude that such a merger is desirable 
from the point of view of donors by seeing 
whether it increases net or gross receipts. 
Such receipts can go up rather than down 
just because donors are forced to give in 
proportions which they do not freely 
choose. 

Indeed, this may be the case even if the 
managers of the charity set the postmerger. 
allocation equal to that which obtained be" 
fore the merger (a natural thing to do, but 
one which will be harder to justify the far- 
ther in the past is the original merger). 
Receipts may then go up not because do- 
nors are pleased at being saved one or more | 
solicitations, but because they are forced to 
give in the average proportions even though 
every one of them feels worse off as a 
result." 

The interesting questions of when such 
mergers are desirable and how the alloca- 
tions should be set must therefore be ex-x% 
amined according to other criteria. B 





f 
i 


HTo see that such an example is possible, sup- 


pose that donors fall into two classes. Let every donor 
in the first class have a utility function of the partial 
Cobb-Douglas type discussed at the end of the preced- 
ing section, that is, with both y; = 0. Let the other 
class all have utility functions of the type described in 
the more general counterexample. It is easy to see that 
if the first group has a higher than average preferred 
value of k and the second group a lower, then total : 
receipts can increase when everyone is forced to the 
average allocation. This will occur because the dona- 
tions of the first group will remain unchanged whilej 
those of the second group will increase (for ap- 
propriate choice of the parameters). 





t 
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Do Schools Make a Difference? 


By ANITA A. SUMMERS AND BARBARA L. WOLFE* 


Parents, courts, and legislatures have 
been struggling to define equal educational 
opportunity (minimum achievement level 
for all? minimum growth in achievement? 
differential growths in achievements?). At 
the same time, economists, sociologists, and 
educators have been struggling to identify 
which package of school inputs is required 
for each type of student to equip him or her 
for educational growth. Most empirical at- 
tempts to identify which inputs matter have 
concluded that schools barely make a dif- 
ference. From this conclusion has flowed a 
prevailing nihilism with respect to schools 
as an egalitarian force. We conclude, on the 
basis of a microeconometric examination of 
Philadelphia School District data, 1) that 
many school inputs do matter, 2) that dis- 
advantaged students can be helped by par- 

piicular types of inputs, and 3) that the use of 
pupil-specific data, and statistical methods 

' appropriate to such data, account for the 
cheerier results of this study. 

| ` Little theory, economic or otherwise, is 

| currently available to describe the determi- 

| nants of educational achievement. Casual 
observation, combined with the education 
literature, suggests that achievement (A) is 
a function of a student’s hard-to-disen- 
tangle genetic endowment and socioeco- 
nomic status (GSES), teacher quality (TQ), 

pon earner school quality (SQ), and peer 
group characteristics (PG). Thus, 


(1) AA = F(GSES, TQ, SQ, PG) 


This equation is, of course, a reduced form. 
Attitudinal variables may affect achieve- 


*Research officer and economist, Federal Reserve 
Bank of Philadelphia; consultant, Federal Reserve 
Bank of Philadelphia and economist, Institute for 
Research on Poverty, University of Wisconsin, re- 
spectively. We are indebted to Robert Summers and 
Lawrence H. Summers for their suggestions and in- 
‘erest, and to the School District of Philadelphia for 
heir willingness to allow us access to their detailed 
ata. 
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ment, but are themselves determined by the 
four factors listed above. 

Much of the empirical literature that has 
arisen in the years following the Coleman 
Report (see James S. Coleman et al.) has 
focussed on estimating equation (1). Many 
investigators have viewed it as a production 
function relationship, describing educa- 
tional output as a function of inputs. In 
education, all inputs cannot be selected as 
in a factory. Such a view, therefore, blurs 
the distinction between the variables which 
the educational policymaker can control 
(TQ, SQ, some PG) and those which he 
cannot (GSES, some PG). Further, the pro- 
duction function, as used in its classical 
context, relates the maximum attainable 
level of output for given inputs to the level 
of inputs—it describes the boundary of the 
production set. There is little reason to be- 
lieve that we now know enough to have any 
confidence at all that schools are attaining 
such productive efficiency. In any case, it is 
clear that estimation procedures based 
upon cost-minimization assumptions are in- 
appropriate. It seems preferable, therefore, 
to view (1) as a simple input-output re- 
lationship. 

Past attempts at estimating (1) have rep- 
resented many inputs by school- or district- 
wide averages, rather than by the more ap- 
propriate pupil-specific data;' we use 
pupil-specific proxies for the variables and 
find that much can be revealed by disag- 


'School inputs were measured at the district level 
in the studies by Charles Benson et al., Elchanan Cohn, 
and Herbert J. Kiesling; they were measured at the 
school level in the studies by Harvey A. Averch and 
Kiesling, Coleman, Jesse Burkhead et al., and Martin 
T. Katzman; the studies by Samuel Bowles, Eric 
Hanushek, Henry M. Levin, and Stephan Michel- 
son, which drew upon Coleman’s EEO data, also used 
school inputs aggregated to the school level. Hanushek 
(1970), Richard Murnane, and Donald Winkler used 
some pupil-specific data. 
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gregation.’ Past studies have used an 
achievement level as the output measure; 
we use a valuz-added dependent variable— 
the change in achievement over a period of 
years. Finally, past studies have either re- 
lied on an additive form, or have segmented 
the sample, and estimated, conditional on 
GSES;‘ we generalize these procedures by 
using interaction terms to allow the effect 
of policy variables (TQ, SQ, PG) to vary 
with GSES. 

We conclude that empirical investiga- 
tions have failed to find potent school ef- 
fects because the aggregative nature of the 
data used disguised the school’s true im- 
pact. The use of school and district aver- 


ages introduced so much noise as proxies 


for inputs into students that effective inputs 
were not revealed. The use of achievement 
level as an oucput measure without control- 
ling for the beginning level, clouded the ex- 
amination of school inputs on that which 
schools can impact. And the lack of avail- 
ability of pupil-specific data prevented an 
adequate exploration of the differential im- 
pacts of TQ, SQ, and PG on students with 
different GSES—and, in fact, in several in- 
stances have completely hidden the input 
effects. 
Section I describes the sample and model 
estimation procedures. The major findings 
and caveats ere in Section [J]. The impor- 
tance of examining school inputs dif- 
ferentially is established in Section III by a 


“In another study which analyzed the intradistrict 
distribution of school resources to disadvantaged stu- 
dents in Philadelphia, examination of detailed in- 
dividual school data on each of twenty-six to thirty- 
one school inputs revealed useful policy insights. For 
example, while the instructional cost per pupil (a com- 
monly used aggregated measure) was higher in schools 
with higher proportions of black and low income 
pupils, these schcols were in general staffed by teachers 
with less experience and less education beyond the 
B.A. and by teacaers who came from lower rated col- 
leges and had scored lower on the National Teacher’s 
Examination, Common. (See the authors, 1976.) 

3All of the studies cited in fn. 1 used achievement 
as the dependent variable. 

4 Averch and Kiesling, Burkhead et al., Cohn, Katz- 
man, and Levin used the additive form; Benson et al, 
Coleman (1966), Hanushek (1970, 1972), Kiesling, 
Michelson, and Winkler used subsamples; Murnane 
examined the interaction effect of achievement level. 
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comparison of the results with and without 
interaction analysis. Section IV documents 
the importance of using disaggregated data 
by a comparison of the results when pupil- 
specific data for school inputs are used with 
the results when school averages are used. 
Some concluding remarks constitute Sec- 
tion V. 


I. Description of Sample and Model 
Estimation Procedures 


We had access to an exceptionally rich 
data base, a necessary condition to test the 
hypothesis that disaggregation would re- 
veal more significant inputs. This study is 
based upon data from 1970-71 pupil files 
for 627 sixth-grade elementary school stu- 
dents in 103 elementary schools. Schools 
were selected randomly from the Philadel- 
phia School District, and students were 
randomly selected from their schools. Data 
were similarly gathered and analyzed for 
553 eighth-grade students in 42 junior high, 
K-8, and middle schools, and for 716 
twelfth-grade senior high school students, 
in 5 senior high schools. Only the ele-‘ 
mentary school data and results are dis- 
cussed in the body of this article.’ Analysis , 
of the eighth-grade sample produced similar | 
results—-specific comparisons are noted in 
several footnotes. The twelfth-grade sample 
drew upon so few schools that the results 
were of limited interest. 

A three-year personal educational history 
was compiled for each student. This was 
then matched with data on school-wide re- 
sources of the school the pupil attended, 
with the pupil’s estimated family income, 


5See the authors (1974) for the analysis and results 
of the eighth- and twelfth-grade samples, and for more | 
detail on the sixth-grade sample. 

6We have developed a procedure using 1970 Phila- 
delphia Census data for estimating block income from 
block mean housing values, block mean contract ren- 
tal values, tract distribution of block contract rental 
values, and tract distribution of income values. The 
block income appropriate to each pupil was taken to 
be his or her family income. This procedure involves 
1) forming the cumulative distributions of data for 
each tract of owner-occupied housing values, contract” 
rental values, and family income; 2) converting thes: 
cumulative distributions into relative distributi 
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and with data on each pupil’s individual 
teachers. It was possible therefore to 1) look 
at pupils longitudinally, 2) examine a great 
many variables in a pupil-specific way (the 
Mean variables are of particular interest), 
and 3) go beyond simple linear specifica- 
tions because of the fairly large number of 
observations. 

The dependent variable chosen is the 
change in a composite achievement score— 
achieving-—over the three-year period, third 
to sixth grades.’ Using the final score, which 
does not visibly control for initial achieve- 
Event level, as the impact measure of re- 
sources is less satisfactory. This use of a 
value- -added measure is consistent with the 
usual choice in estimating production func- 
itions. Further, the change formulation per- 
‘mits the prediction of the effect on pupil 
learning of educational input changes.* 








(percentiles); 3) determining for each block the per- 
centile in the tract distribution of mean owner-oc- 
cupied housing value and the percentile for mean 
contract rental value; 4) determining the correspond- 
ing normal deviate arguments; 5) adjusting these by 
Phe regression coefficient for the tract between hous- 
ing and income data for a cross-classified 20 percent 
sample; 6) assigning percentiles to the adjusted argu- 
/ments; 7) finding the income values for these percen- 
| tiles; 8) adjusting for differences in the income dis- 
tribution of renters and owners; 9) averaging the two 
income values for each block. The procedure was 
carried out for black and nonblack income and hous- 
ing distributions, and each pupil was assigned an in- 
come estimate on the basis of his or her race. See the 
authors (1975). 

?The achievement score was measured in terms of 
grade equivalents—the norm for a sixth-grade student, 
tested in April of the sixth-grade year, would be 6.8, 
yor example, For the students in the sample, the aver- 

‘age sixth-grade score was 5.2. The grade equivalent 
form was preferable to either of the available alter- 
| native forms: the raw scores could not be compared 
| over different grades, since the test differed, and the 
. national percentile scores introduced changes in the 
| nation’s student population which were irrelevant. 
| 8This formulation, it has been argued, is erroneous 
| because the differences between initial and final score 
regress to the mean—that is, because tests have ran- 
, dom error, there will tend to be a negative correlation 
| between initial score and change in achievement. The 
concern is, of course, that if initial achievement is 
_ omitted from the right-hand side, the estimates of ail 
he coefficients of variables correlated with initial 
chievement will be biased. However, when the regres- 
Bs were run with and without the initial score, the 
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The independent variables were of three 
types: the genetic and socioeconomic char- 
acter of the pupil (for example, family in- 
come, IQ, race), pupil-specific school inputs 
(for example, size of class of pupil’s grade, 
qualities of the teachers who taught the 
pupil), and peer group characteristics (for 
example, proportion of high achievers, pro- 
portion of blacks). The relationship was 
examined using single equation multiple 
regression. Dummy variables, piece-wise 
linear fitting, and other nonlinearities were 
employed. Interactions of income, race, 
and/or achievement with school input and 
peer group variables were explicitly intro- 
duced. 

Past attempts to estimate education pro- 
duction functions using a single equation 
regression method have been criticized on 
the grounds that they have ignored impor- 
tant problems of simultaneity. The argu- 
ment, in particular, is that achievement 
gains affect student attitudes, and student 
attitudes affect achievement gains. Thus 
variables appearing on the right-hand side 
and treated as exogenous may in fact be 
endogenous. In this study, however, very 
few ‘‘psychological’” variables are used. 
Only two of the variables might conceiv- 
ably be regarded as problems. They mea- 
sure the student’s attendance record, and 
are included to reflect the student’s motiva- 
tion. However, reverse causality flowing 
from achievement (as measured by tests) to 
motivation seems to be tenuous: children 
are frequently unaware of their achieve- 
ment test scores; grades and teacher atti- 
tudes are probably far more important in 
attitude reinforcement than Iowa scores; 
and there is considerable evidence that 
grades are poorly correlated with standard 
test scores. When the equations were esti- 
mated in the reduced form version, without 
the attendance variables, the coefficients 
were not changed in a way which altered 
any conclusions.’ 





variables which were significant remained so, and the 
changes in the coefficients were in no instance large 
enough to alter any of the broad conclusions drawn 
from the study. 

9See the authors (1974, p. 54). 
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H. Summary of Findings 


In winnowing down the original list of 
variables to get the equation of “best fit,” 
many regressions have been run. A variety 
of functional forms—non-linear, interac- 
tive—for the variables have been examined. 
The data have been mined, of course. One 
starts with so few hypotheses convincingly 
turned up by theory that classical hy- 
pothesis testing is in this application sterile. 
The data are there to be looked at for what 
they can reveal. 

The standard tests of significance provide 
guidance of only a very crude sort—hence, 
the usual ast2risks are misssing from the t- 
Statistics in the tables. We threaded our way 
through the myriad of variable combina- 
tions with the magic 5 percent normal curve 
numbers as cur North Star. But, to the final 
formulations and interpretations of coef- 
ficients, more informal standards were ap- 
plied. All interaction results, for example, 
were checked out against separate regres- 
sions based upon data subsamples. Var- 
iables which had coefficients whose sig- 
nificance were very sensitive to the 
introduction and discarding of other var- 
iables were not retained. All the major 
findings were extensively tested for robust- 
ness to alternative specifications. 

The coefficients and ¢-statistics’® for the 
equation of best fit for the sixth-grade sam- 
ple are shown in column (2) of Table 1. The 
definitians, sources, Y’s, and o’s of the 
variables are listed in the Appendix. 

We are confident that the coefficients de- 
scribe in a reasonable way the relationship 
between achieving and GSES, TO, SQ, and 
PG for this collection of 627 elementary 


l0For interaction variables, the ¢-statistics in the 
table indicate only whether or not there is a signifi- 
cant difference in the impact of each input among 
different types of students. Tests of the form: 


EEEE i) R 
y êZ + hyt? + 2tagy* 


were used to determine the specific values of the inter- 
action terms at which the results were significant. The 
interesting conclusion was that a considerable amount 
of variation over the range was revealed. 
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school students in the Philadelphia Scho 
District. What we do have to be agnosti 
about i is the absence of the results of repl: 
cation.' 


A. Genetic and Socioeconomic Inputs 


In addition to examining the effects o 
Income (row 1) and Race (row 2) on learn 
ing, interactions between school inputs anc 
income and race of pupil were carefully ex 
amined—-and a great deal of interactior 
was revealed. In fact, when these interac 
tions are accounted for, no residual impas 
of Race and Income on achievemen 
growth remained. The Sex (row 3) of the 
student affected learning—males did worn 
than females. Over the three-year period 
males grew almost one month less ir 
achievement scores than females. 

The first-grade IQ (rows 4, 5, and 6) o: 
the pupil had a strong effect on achievemen 
growth. But an examination of the inter. 
action of IQ with Race for high IQ student: 
revealed that there was an additional posi. 
tive effect for nonblack students only. Tha! 
is, nonblack students with high IQ’s grew 
more rapidly than those with lesser IQ’: 


. (2.8 months, compared with 1.3 month: 


over the three years for each 10 point incre 
ment in the IQ score), but black student: 
experienced similar achievement growth: 
regardless of IQ. (It might be argued that 
by controlling for initial ability, one chan. 
nel through which GES might affeci 
achievement is eliminated. When the best fir 
equations were estimated without IQ, how- 
ever, the coefficients related to Race ang 
Income changed very little.) 

The motivation of students (proxied by 
Unexcused Absences and Latenesses) had 
a significant bearing on learning. Students 
with more Unexcused Absences (rows 7 
and 8) and more Latenesses (rows 9 and 10) 


1! We are now in the midst of another phase of this 
study using a much larger sample of data from the 
same period (several thousand for each level of school- 
ing). While it is regretful that these data are less pupil- 
specific, it enables the examination of the losses due to 
disaggregation in considerable detail. $ 

12See the authors (1974, p. 51). 
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TABLE -REGRESSION RESULTS FOR SIXTH-GRADE SAMPLE OF PHILADELPHIA SCHOOL DISTRICT 
STUDENTS, 1968-71 (1-values in parentheses) 


Variables 


(1) 


. Income 

. Race 

. Sex 

IQ 

. IQ 1104+ 
. (5) x Race 


. (7) x Income 

. Latenesses 

. (9)x Income 

. Rating of Teacher’s 
College, 1 > 525 

12. (11) x Income 


— SOMA Um WN oe 


15. National Teacher 
Exam Score 

16. Class Size > 33 

17. Class Size, 28-33 


18. (17) x Third-Grade Score 


19. School Enrollment 
20. (19) x Race 


21. Library Books/Pupil 


22. Percent Blacks > 20 
and < 40 

23. Percent Blacks > 40 
and < 60 

24. Percent Blacks > 60 


25. Percent High Achievers 
26. (25) x Third-Grade Score 
27. Percent Low Achievers 


28. Disruptive Incidents 


29. (28) x Third-Grade Score 


Constant 
R 2 
Ê 


. Unexcused Absences 


13. Teacher’s Experience 
14. (13) x Third-Grade Score 


Pupil-Specific 
School Inputs 


With Interaction 
Terms 


06 ( .34) 
—.23 ( —.10) 
—.90 (—1.39) 

13 ( 3.64) 

15 ( 1.40) 
3I (S78) 

14 (53) 
—0.6 (—1.84) 
—1.11 (—3.38) 

AL ( 2.93) 


13.57 ( 2.45) 
—.99 (-1.74) 
—.47 (—1.80) 

02 ( 2.29) 


~.02 (—2.62) 
~.16 ( —.10) 
24.99 (—1.74) 

14 ( 2.22) 
—.002(— 1.54) 
~.004(— 1.65) 
—.43 (—1.97) 


3.70 ( 2.53) 


6.02 ( 3.61) 
4.18 ( 2.62) 
68 ( 2.55) 
—.01 (—2.20) 
—.08 (—2.11) 
1.86 ( 3.89) 
~.05 (—3.18) 
22.09 
27 
9.03 


Without Interac- 
tion Terms 


17 ( 1.08) 
—3.34 (--2.58) 
—1.23 (--1.88) 

13 ( 3.75) 

09 (98) 


30 (~3.63) 


—.20 (—2.00) 


4.03 ( 2.57) 


07( 73) 


~.02 (~2.83) 
182 ( —.54) 
=1:90 (5.14) 
— .003(~2.33) 
47 (~2.21) 
3.08 ( 2.15) 
5.64 ( 3.34) 
3.10 ( 1.93) 
15 ( 1.60) 


~.08 (-2.28) 
35 ( 2.09) 


School Averages 
of School Inputs 


With Interaction 
Terms 


~ ,002( — .009) 
74( 31) 
~ 83 (-1.25 ) 


N “name” a a “tomes” “enna” “nase 


3.99 ( 2.49 ) 


4.02 ( 2.37) 
3.95 ( 2.34 ) 
69 ( 2.05 ) 
=O (112°) 
—.07 (~1.52 ) 
1.50 ( 2.69 ) 
~.03 (—2.00 ) 

11.70 


Without Interac- 


tion Terms 


Sa HTN le 8 8 TAHA ha e r i e SRNL ln Rf ahs 


21 ( 1.26) 
~3.03 (—2.47) ` 
—.96 (—1.45) 
AS ( 431) 
05 ( .58) 


—.26 (3.17) 
—.25 (—2.36) 


~3.35 (—1.68) 


—.05 ( —.11) 


— 


—.02 (—1.04) 
20 (13) 
A7 (17) 


~ .003(— 1.80) 
—.13 ( —.8!) 
3.81 ( 2.47) 
3.55 ( 2.13) 
2.74 ( 1.69) 
17 ( 1.75) 


—.08 (-1.85) 
ot ( 2.23) 


21.82 
2k 
9.52 


Note: Dependent Variable: Sixth-Grade Score on Iowa Test of Basic Skills (Composite) Minus Third-Grade Score. 
a Because they are less pupil-specific, variables 11 through 29 are not identical in columns (4) and (5) to those 

in columns (2) and (3). Exact definitions for all the variables are in the Appendix. 
bWhen school averages were tested,.it was no longer possible to use the best fit breaking point of the 525 un- 

dergraduate college rating, because too few averaged observations were at or above 525. A rating of 450 was 

used, therefore. In column (2) the intercept term had a coefficient of 4.23 and a t-statistic of 1.82; the interaction 

term had a coefficient of —.49 and a t-statistic of —1.95. In column (3), the term reads —.10(—.14). 

f “Sources of data are listed in the Appendix. 


\ 
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grew less. Interestingly, it was the middle 
and higher income students whose growth 
in scores registered the greatest declines 
when, their Unexcused Absences were 
greater—perhaps, because when an ad- 
vantaged student misses school it signifies a 
far more serious negative attitude toward 
schooling than when a disadvantaged stu- 
dent does the same thing. (Five more un- 
excused absences were associated with 2.1 
months less growth over three years for 
students with z $10,000 family income, and 
only .7 months less for those with a $5,000 
income.) In the case of Latenesses, how- 
ever, it was only the lower income students 
where the effect was pronounced. 

Other socioeconomic factors examined, 
but not found to be significant, were the 
number of residential moves of the stu- 
dents, whether or not the pupil was foreign 
born, and whether or not both parents were 
foreign born. 


B. School Inputs: Teacher Quality” 


Finding out which school inputs are help- 
ful to learning is what we are, of course, 
most interested in. These are the things that 
school administrations and teachers’ unions 
can, if the spirit is willing, do something 
about. 

The unique detail of the data base on the 
characteristics of teachers makes possible a 
deeper inquiry into the question “what mat- 
ters?” than is possible with noisy, aggrega- 
tive data. Several “quality” measures of 
each of the teachers were obtained and the 
specific teachers each pupil had were identi- 


I3The qualities of sixth-grade teachers, rather than 
fourth-, fifth-, and sixth-grade teachers, were used. 
Evidence that the sixth-grade teachers had the strongest 
impact piled up: The R2 for the equation using sixth- 
grade teachers was significantly higher than using either 
of the other years. The Koych lag formulation (see Zvi 
Griliches) which assumes that the weights assigned 
diminish geometrxally for more distant periods was 
used. The R2’s, coefficients, and t-statistics for the 
college rating and experience of teachers, for the 
equation which gives most weight to the sixth-grade 
teacher qualities, end least to the fourth and fifth, are 
significantly higher than in the alternate specifications. 
They diminish continuously as the weight assigned to 
the sixth-grade teacher decreases. 
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fied. What mattered?'* Teachers who re-s 
ceived B.A.’s from higher rated colleges” 
(rows Il and 12) were associated with stu- 
dents whose learning rate was greater— 
and it was students from lower income 
families who benefitted most. (A student 
whose family income was $5,000 grew 8.6 


‘months more with a teacher from a higher 


rated college than with teachers from other 

colleges; a student whose family income 

was $10,000 grew 3.7 months more.) 

Teacher experience (rows 13 and 14) has 

been found to be unimportant in many, 

studies." Though it seems clearly unreason-4 
able to expect equal effectiveness of ex- 
perience for all levels of student abilities, 
the interaction between them has not been 
fully examined. We found that students 
whose third-grade score was above grade 
level benefitted from more experience, but 
those who were very much below grade 
level were negatively affected. In fact, this 
latter group’ did best with newer teachers 
who perhaps have an undampened enthus- 
iasm ‘for teaching those who find it hard to. 
learn. These teacher quality findings werez= 
robust. They remained essentially intact 
whether all or some of the teacher quality 
variables were controlled, and when the 
sample was broken into subsamples by 


| 







l4Hanushek (1970) and Murnane both had some 
teacher data which were specific to the pupil. Both 
used dummy variables for the teachers, testing to find 
out whether or not teachers mattered. For his sub- 
sample of Anglo-American students, Hanushek showed 
the quality of teachers mattered; but not for the sub- 
sample of Mexican-Americans (perhaps, he hypothe- 
sized, because of the language problem). Murnane 
concluded that teaching quality did matter. While the, 
use of teacher dummies did not demonstrate that 
teacher quality can be proxied by any objectively 
measurable quality, it does give support to the con- 
clusion that the use of pupil-specific teacher variables 
results in more revealed impact on achievement. 

IS5Winkler, in California, also found that graduates 
of “good” colleges taught significantly better than 
graduates of “bad” colleges. 

léColeman found that teacher experience mattered 
only marginally. Hanushek found no statistical signifi- 
cance to teacher experience in any of his three Cali- 
fornia subsamples. Murnane found that having experi- 
ence of one, two, or three years over having none 
mattered greatly; the extra benefit of between three: = 
and five years was less; and, beyond five years, he’ gy 
found no effect of experience on achievement. 


t 
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/ TABLE 2—-RESULTS ON ACHIEVEMENT OF TEACHER’S COLLEGE RATING 
AND EXPERIENCE USING SUBSAMPLES 


Low Income? 


Rating of Teacher’s College, | > 5255 


Teacher’s Experience? 


15.32 (4.16) 


Low Achievers* 


—.01 (—.04) 


Middle Income® High Income? 


.09 (.03) 3.49 (1.64) 
Middle Achievers® High Achievers® 
16 (91) .31 (1,64) 


4Low income is defined as < $7000, middle income as 2 $7000 and < $9000, and high income as > $9000. 
bThe comparable coefficients and tests of significance, using interaction terms, were 8.62 (2.95) for students 
whose family income was $5000, 5.64 (3.28) for those at an $8000 income level, and — 1.29 (0.36) for those at a 


=) 5,000 level. 


°Low achievers are those whose third-grade Iowa Test scores were in grade equivalent terms < 2.7; middle 
‘achievers scored > 2.7 and < 3.9; high achievers scored > 3.9, 
| The comparable coefficients and tests of significance, using interaction terms, were —.29 (—1.54) for students 
| who scored two grades below level (at 1.0), .05 (0.53) for those who were at grade level (3.0), and .39 (2.42) for 


those who were two grades above (at 5.0). 


| race, achievement, and income. The rele- 
vant coefficients and t-statistics for the 
subsamples are shown in Table 2. 

Finally, we found a perverse relationship 
between the National Teacher Exam Score 
(row 15) and learning. The discriminatory 
powers of the exam were evaluated by the 

pehiladelphia School District in 1972. They 
concluded that the scores should not be 
used as the only measure of the potential of 
a teacher—these findings suggest that they 
should not be used as any measure. 


C. School Inputs: Nonteacher 
| - School Quality 
| 


Does Class Size (rows 16, 17, and 18) 
matter? Educators’ studies cover the full 
range of answers. One summary report (see 

oward Blake) stated that thirty-five of the 
studies surveyed found that smaller classes 
were more effective, eighteen found that 
larger classes were more effective, and 
thirty-two were inconclusive! More light is 
shed, however, when the differential effects 
of smaller and larger classes are examined 
-in relation to achievement levels (rows 16, 
17, 18). Low-achieving students (those scor- 
ing two or more years below grade level) 
did worse (almost three months worse over 

` the three years) in classes with more than 28 
““"tudents; high-achieving students (those 
poring two or more grades above grade 


Y 


level) did better (almost three months bet- 
ter); those around grade level appeared to 
be unaffected. When the Class Size variable 
was explored through ability subsamples, 
rather than interactions, the same results 
emerged. The relevant coefficients and 
t-statistics are shown in Table 3. 

School Enrollment (rows 19 and 20), also 
a variable about which studies have pro- 
duced a wide range of possible impact, is 
shown in this study to have differential ef- 
fects on black and nonblack students. 
Smaller schools appeared to be better for 
all, but had a larger beneficial effect on 
achievement growth for black pupils. Li- 
brary Books per pupil (row 21) had a per- 
verse effect—possibly because the fact that 
libraries were larger in relation to the num- 
ber of pupils in schools where there were 
more low-income pupils was not adequately 
picked up by the other variables.” 

There appear then to be a number of 
school inputs that can raise student achieve- 
ment. Equally interesting was the discovery 
that a number of inputs which we pay for 
did not accomplish this goal. 1) The general 
physical facilities of schools did not seem to 
make much difference, one way or another, 
to students’ learning. Whether the pupil 


17Coleman stated that “The number of volumes 
per student in the schooi library shows small and in- 
consistent relations to achievement” (p. 316). 
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TABLE 3—RESULTS FOR CLASS SIZE USING ABILITY-GROUPED SUBSAMPLES? 


Low Achievers 


Class Size > 33% 
Class Size, 28-335 


-2.75 (—1.22) 
—4,27 (—1.98) 
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Middle Achievers High Achievers 
1.48 (.58) 3,00 (.75) 
2.12 (.89) 5.42 (1.43) 


a For definitions of subsamples, see fn. c, Table 2. 

bThe comparable ‘coefficients and tests of significance, using interaction terms, 
were —2.83 (— 1.44) for students who scored two grades below level (at 1.0), ~—.05 
(—.04) for those who were at grade level (3.0), and 2.72 (1.48) for those who were two 


grades above (at 5.0). 


had access to more or less playground 
space, a new or old building, or a building 
rated higher or lower in general physical 
condition, dic not seem to matter much 
when it comes to achievement test scores. 2) 
There was a wide range among Philadel- 
phia elementary school principals in ex- 
perience, extra degrees, and extra educa- 
tional credits—but there were no discernible 
differences in the impact on achievement. 3) 
Whether teackers have more or less educa- 
tion beyend the B.A. did not seem to make 
his or her students learn more. The finding 
of an absence of impact on achievement of 
extra training is consistent with many 
studies'*—yet teacher salary scales nearly 
everywhere incorporate substantial rewards 
to teachers who take additional educational 
credit beyond the B.A. 

Clearly, though these inputs do not seem 
to relate to achievement growth, it does 
not mean that reducing these expenditures 
to zero is the logical policy recommenda- 
tion. Without some minimum level, there 
might be some negative effect, and with 
much mcre than is now put in, there might 
be some positive effect. Further, and a point 
not to be ignored, the objective of many 
school inputs :s not limited to the one used 
here—growth in achievement scores. Other 
objectives—atiitudes toward other races, 
sense of participation in the democratic 
process—may be part of the desired out- 
come. 


'3Colemen, Bur<head et al., Hanushek, Kiesling, and 
Winkler all found that having or not having an M.A. 
was not significan-ly related to achievement. The liter- 
ature in educatior journals on this subject reveals re- 
sults on both sides. 


D. Peer Group Effects 


School segregation, in the sense of heav- 


k 
` 


| 
| 
i 
i 


& 
™ 
A 


ily concentrated racial mixtures, exists in | 


the Philadelphia schools. In the years cov- 
ered by the study sample, 23 percent of the 
elementary schools had less than 10 percent 
black students, and 40 percent had more 
than 90 percent. Busing for desegregation 
did not exist, and could obviously intro- 
duce entirely new elements not reflected in 


our findings. We found that black and non- | 
black students benefitted (rows 22, 23, and | 
24)—had the largest growth in achieve 


ment—-when they were in schools with a 40 
to 60 Percent Black student body, rather 
than in schools that were more racially 
segregated.” From a policy point of view, 
of course, what one is interested in is the 
effect of changes in the proportion of black 
students when variables associated with 
these changes are not controlled. The find- 
ing that the largest growth in achievement 
took place with a 40 to 60 Percent Black 
student body remained intact, when the 


variables measuring the Proportion of High 


lOne is tempted to dissect this somewhat unex- 
pected (for nonblacks) result by searching for char- 
acteristics of the families that live in racially mixed 
areas that would contribute to learning growth, but 
which are not captured by the variables in the equa- 
tion. In addition to the family income variable already 
in, variables measuring the average income of residents 
in the school feeder area, the change in relative income 
of the feeder area between the 1960 and 1970 Censuses, 
and the average education level of the 25-year and 
over population were tried and found to be entirely 
without significance. In addition, dummy variables 


| 


i 


| 


‘ 
& 


for the two areas of Philadelphia which have had thes 


most stable pattern of racial integration were explored 
and found to be not significant. 
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TABLE 4—-RESULTS ON ACHIEVEMENT GAIN OF THE PROPORTION OF, BLACK 
STUDENTS WITH AND WITHOUT CONTROLLING FOR ASSOCIATED VARIABLES 


Independent Variable 


22. Percent Blacks >20 and <40 
23. Percent Blacks >40 and <60 
24. Percent Blacks > 60 


Achievers (rows 25 and 26), the Proportion 
of Low Achievers (row 27), and the number 
of Disruptive Incidents (rows 28 and 29) 
were not included. (See Table 4.) The coef- 
ficients and f-statistics were slightly lower. 

Ability grouping can be regarded as 
another type of segregation. What are the 
effects of being in a grade with more or less 
very high or very low achievers (rows 25, 
26, and 27)? Seventy percent of the ele- 
mentary schools had less than 10 percent 
high achievers; 52 percent had more than 
50 percent of the student body achieving 
at very low levels. In elementary schools, 
students who test at grade level or lower are 
distinctly helped by being in a school with 
more high-achieving students. The stu- 
dents who are performing above their grade 
level are not particularly affected—it is the 
low-achieving students who benefit most. 
This finding is so, whether or not the pro- 
portion of black students is controlled. 
Being in a student body with more low 
achievers has a negative effect on learning 
for all students, though this is not so if 
there is no control for racial composition. 
What all this seems to say is that high 
achievers are relatively unaffected by varia- 
tions in the percentage of top achievers. 
But, for the low achievers, the intellectual 
composition associated with other charac- 
teristics of the student body has a direct im- 
pact on learning. . 

Finally, what 1s one to say about the find- 
ing that, for students who are at or below 
grade level, more Disruptive Incidents 
(rows 28 and 29) are associated with greater 
achievement growth? It is only for those 
well above grade level that we found the ex- 
pected negative effect. This may well be a 
case where very different results would be 


Controlling for 
Variables 25, 26, 


Without Controlling 
for Variables 25, 26, 


27, 28, 29 27, 28, 29 
3.70 (2.53) 2.45 (1.73) 
6.02 (3.61) 4.25 (2.76) 
4.18 (2.62) 2.80 (2.04) 


obtained if the data were available on a 
classroom-specific basis. If disruptive in- 
cidents only broke out in classrooms where 
achievement growth barely occurred, then 
spreading the impact among all classes may 
have produced this anomalous effect. In 
any case, it would seem a bit premature to 
engage in a policy of encouraging disrup- 
tive incidents to increase learning! 

Again, it is interesting to note a number 
of peer group characteristics that were not 
significant in any of the specifications: per- 
cent of the student body receiving free 
lunches, student mobility in the school, 
median income of the school feeder area, 
average education level of adults, (25 years 
and over) in the school feeder area, change 
in the relative income of the area from 1960 
to 1970, and average daily attendance in the . 
school. 

In summary, then, we find that many 
school inputs mattered, and that their im- 
pact varied considerably on different: types 
of students. There were inputs that helped 
disadvantaged students. Clearly, this is con- 
sistent with what educators and parents 
believe when they advocate individualizing 
education. 


IV. What Was Revealed By Interaction 
Analysis of Inputs? 


On the basis of this study, at least, it 
would appear that there is much to be 
gained from examining the differential im- 
pact (by race, income, and achievement 
level) of educational inputs on achievement 
growth. How much there is to be gained 
can be seen more precisely by a comparison 
of columns (2) and (3) in Table 1. In col- 
umn (3), the results that would have been 
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produced by this pupil-specific data base, 
if interactions had not been analyzed, are 
given. Apart from the reduced explanatory 
power of the equation, three general types 
of insight emerge. 

First, the expected negative effects of low 
income and race have been so extensively 
traced through specific inputs in column (2) 
that the Incomz and Race intercepts have 
no significance there at all. But when they 
are not traced through, in column (3), the 
coefficient of tke Income variable becomes 
larger and the Race variable acquires a very 
large and significant negative coefficient.” 
This is, of course, consistent with the im- 
portant and repeated finding of many 
studies searching for the determinants of 
student achievement. But, the lack of in- 
sight into just where—in connection with 
which inputs—Income and Race. play a 
role, has left schools relatively impotent in 
changing the achievement growth of stu- 
dents. . 

Second, a possible explanation for the 
hopelessness of the findings of many studies 
is that the effectiveness of some inputs may 
be of directly opposite direction for different 
types.of students. We found this in the case 
of three variables. Without interaction 
analysis, the conclusions would have been 
that there was no additional positive effect 
of having an IQ of 110 or more, that the 
experience of teachers had no effect on 
achievement growth, and that class size was 
irrelevant to learning (rows 5, 13, 16, and 
17, column (3)). Interaction analysis re- 
` vealed thet the nonblack ‘student with an 
IQ of 110 or more moved much more rap- 
idly ahead, but the black student did not; 
that higher achzeving students benefitted by 
being with mors experienced teachers,” but 
lower achieving students were adversely af- 
fected—in “fact,” benefitting from newer 
teachers; and that low achievers did better 
in classes with less than 28 students than in 


Results, similer in direction, showed up in the 
eighth-grade sample. 

2lIn the eighth-grade sample, the experience of the 
social studies teacher lost significance when interac- 
tions were not explored. 
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classes with 28 to 33, while high achievers: 
did worse” | 

Finally, without examining the interac- 
tive effects of inputs, the policy implications 
of important differential effects (not neces- 
sarily of opposite sign) are lost. From col- 
umn (3) it would not be possible to “know” 
that higher income students were most 
negatively affected by more Unexcused 
Absences,” that only the low-income stu- 
dents were adversely affected by more late- 
nesses, that the lower income students 
benefitted most. (and considerably) by hav-, 
ing teachers who came from higher rated’ 
colleges, that black students experienced 
the bigger boost to learning from being in 
smaller schools (School Enrollment), that 
the low achiever is the real beneficiary of 
being in a grade with higher Percent High 
Achievers (the high achiever is unaffected), 
and that the expected negative effect of 
being in a school with more serious Dis- 
ruptive Incidents shows up only for the very 
high achievers. 


V. What Was Revealed By Pupil-Specific = 
Data on School Inputs? 


It would appear from comparing the re- 
sults using pupil-specific data on inputs: 
(Table 1, column (2)) with the results using 
school averages of inputs (column (4)) that 
there is much to be learned from the use of 
the more disaggregated data base. Many 
studies have been hampered „by the limited 
amount of data available (easily obtain- 
able?) which are specifically tied to the 
pupil. Thus, in Coleman’s seminal work, 
and in the.reanalysis of his EEO data, the 
only data used bearing on the influence of 
teacher experience were the average experi- 
ence levels in schools—not, as we were able 
to obtain for this study of Philadelphia 


*2The negative impact of being in a class below 
thirty-two was reduced, and the very large negative 
effect for low income students of being in classes larger 
than thirty-two was lost, when interactions were not 
used in the eighth-grade sample. 

231n the eighth-grade sample, it would not have 
been possible to “know” that average and above aver:' 
age achievers were the only ones negatively affected. =- 
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_schools, the experience level of the specific 
teachers confronting each pupil. 

The most interesting results relate to the 
totally changed findings on the teacher vari- 
ables. The rating of their undergraduate 

Paoli (Table 1, rows 11 and 12), their 
experience (rows 13 and 14), and their 
teacher exam score (row 15) were not sig- 
| nificant when averages were used. And, 
equally interesting, the class size (rows 16, 
17, and 18), showed no impact when it was 
measured in a way not specific to the 
upil.” 

Other school input and climate variables 
which, in column (2), were changed over the 
three years the student was tracked (so that 
if the student changed schools, a change in 
the school variable was incorporated) were 
reduced in significance, when the tracking 
was not done. Thus, when just the sixth- 

| grade value of the variable was used, the 
impact of the number of library books (row 
| 21), of the size of the school on nonblacks, 
(rows 19 and 20), of the proportions of 
high- and low-achievers (rows 25, 26, and 
27), and the proportions of black students 
gin 22, 23, and 24) in the school were 





| reduced. 
| VI. Concluding Remarks 
| 


The findings of this study suggest 1) that 
when there are extensive pupil-specific data 
available, more impact from school inputs 
is revealed; 2) that when the effects of 
school inputs are examined differentially, 
more impact and insight emerge; 3) that 

most of the effects of family income and 

= race can be tagged to specific school in- 
puts; and 4) that the low achiever, the low- 
income student, and the black student do 
respond in terms of achievement growth to 
some school inputs. 


24In the eighth-grade sample, when the same com- 
parison was made between the results using pupil- 
specific data and not, similar findings emerged: the 
impact of the undergraduate college rating for social 
studies teachers became weaker, the experience of 
English teachers lost significance, the experience of 
_math teachers was reduced in significance, and class 
Wsize had no significance. 
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A comparison of the results in column 
(5) (where school-wide averages of school 
inputs were the data and no interaction 
analysis was used) with the results in col- 
umn (2) (where the data on school inputs 
were specific to the pupil and differential 
impacts were examined) should encourage 
the pursuit of disaggregated data bases. No 
impact from teacher experience or the exam 
score of the teacher emerges (rows 13 and 
15). The rating of the teacher’s college has 
a perverse effect (row 11). Class size has no 
effect (rows 16, 17, and 18). And the impact 
of the proportion of blacks (rows 22, 23, 
and 24), the proportion of high achievers 
(rows 25 and 26), and the proportion of 
low achievers (row 27) is reduced. 

Perhaps most interesting from the point 
of view of those seeking to. make more 
equal the achievement growth of the advan- 
taged and the disadvantaged, is the finding 
that there appear to be school inputs which 
help the disadvantaged do better. If the 
courts are to rule on these matters, then 
targeting which schoo! resources are speci- 
fically helpful to the disadvantaged is essen- 
tial. If, for example, physical facilities are 
not particularly helpful to achievement, 
then learning that schools in. better condi- 
tion tend to be in locations where there are 
fewer disadvantaged students should not 
necessarily lead to action to equalize the 
facilities. If, on the other hand, the fact that 
smaller classes are particularly helpful to 
the learning growth of low achievers is 
verified, then there is something specific to 
advocate in the quest for equity. The find- 
ings of this study suggest that there are 
school inputs which help the low achievers 
to do better. And most of these were. find- 
ings which emerged only when pupil- 
specific data were used and examined in 
relation to student characteristics. 


APPENDIX 


The definitions, ¥’s, and o’s of each of 
the variables shown in Table I are listed 
here with the corresponding row numbers. 
The prime notation is used for the variables 
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in columns (4) and (5) which correspond 
to the variables in columns (2) and (3). 


l. 
2; 
3, 


4. 


a 


Hi’, 


12. 


1, 


Dp 


ence (in years up to 11); 
1.08. 


Income: Estimated family income (in 

thousands);-¥ = $8.802; 0 = $2.609. 

Race: Dummy variable, 0 = nonblack, 
= black; ¥ = .64; g = .48. 

Sex: Dummy variable, 0 = female, 1 = 

male; ¥ = .48;¢ = .50. = 

IQ: Score on first-grade Philadelphia 

Verbal Ability Test; X = 100.65; o = 

14.46. 

IQ 110+: Additional effect of scoring 

11C or more on IQ test; form is a two- 

piece linear function with corner at 

110. 

(5) x Race: Interaction of Race with 

IQ 110+. 

Unexcused Absences: Average of an- 

nual number of unexcused absences 

over three years, 1967/68-1970/71; 

X = 2.33;0 = 4.48. 


. (7) x Income: Interaction of Income 


with Unexcused Absences. 


. Latenesses: Average of annual number 


of latenesses over three years, 
68-1970/71; X = 2.02; 0 = 3.59. 


1967/ 


. (9) x Income: Interaction of Income 


with latenesses. 

Rating of Teacher’s College, 1 2 525: 
Gourman rating of sixth-grade teach- 
er’s undergraduate college, 0 = <525, 
b= 2525; X = Odie =..22; 

School X of Ratings of Teacher’s Col- 
leges, | 2 450: School average of 
Gourman ratings of all teachers’ un- 
dergraduate colleges, 0 = <450, | = 
2450; X = 04;0 = .21. 

(11) x Income: Interaction of Income 
with Rating of Teacher’s College, 


ee PS 


ar ) x Income: Interaction of income 
with Schoo! ¥ of Ratings of Teacher’s 
Colleges, | 2 450. 

Teacher’s Experience: Sixth-grade 
teacher’s experience (in years up to 11); 
X = 6.58; 0 = 3.71. 

School ¥ of Teacher’s Experience: 
School average of all teachers’ experi- 
X = 7.28: 6 = 


14. 


14’, 


15. 


Iy. 


16. 


16’, 


17. 


19", 


20. 


20”. 
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(13) x Third-Grade Score: Interaction 
of Third-Grade Score with Teacher’s 
Experience. 

(13') x Third-Grade Score: Interaction 
of Third-Grade Score with School Y 
of Teacher’s Experience. 

National Teacher Exam Score: Sixth- 


. grade teacher’s score on National 


Teacher Examination, Common; X =: 
606.83; o = 58.93. | 
School X of Teachers National 
Teacher Exam Scores: School average 
of all teachers’ National Teacher E 
amination, Common, scores; X = 
606.91; e = 19.94. 

Class Size 2 33: Dummy variable, 1 = 
> 33,0 = <33; class size is the average 
size of the class in pupil’s grade in 
pupil’s school, ¥ = .30;¢ = .46. 
School Y of Class Size = 33; Dummy 
variable, 1 = 233, 0 = <33; class size 
is average of all classes in school; X = 
AT; 0 = .38. 

Class Size, 28-33; Dummy variable, 
l = 228 and <33, 0 = <28 or 233; 
class size is the average size of the claf 
in pupil’s grade in pupil’s schooi; 
X = 63:0 = 48. 


. School X of Class Size, 28-33; Dummy 


variable, 1 = 228 and <33,0 = <28 
or >33; class size is average of all 
classes iri school; Y = .66; 0 = .48. 


. (17) x Third-Grade Score: Interaction 


of Third-Grade Score with Class Size, 
28-33. 


. (17')x Third-Grade Score: Interaction 


of Third-Grade Score with School X of 
Class Size, 28-33. i 


. School Enrollment (X): Average of 


number of pupils enrolled in each 
school pupil attended, 1967/68-1970/ 
71; ¥ = 917.35; ¢ = 336.05. 

School Enrollment (6): Number of 
pupils enrolled in school pupil at- 
tended in sixth grade; X = 912.90; o = 
343.79. 

(19) x Race: Interaction of Race with 
School Enrollment (X). 

(19°) x Race: Interaction of Race with, 
School Enrollment (6). á 
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ZI, 


P25! 


26. 


26’. 


Library Books/Pupil (X): Average 
number of library books per pupil in 
each school pupil attended, 1967/68- 
1970/71; X = 6.98; 0 = 2.37. 


. Library Books/Pupil (6): Number of 


library books per pupil in school pupil 
attended in sixth grade; X = 7.88; 0 = 
3.00. 


_ Percent Blacks = 20 and < 40 (X): 


Dummy variable: | = Percent blacks 
in school 2 20% and < 40%; average 
of each school pupil attended, 1967/ 
68-1970/71; X = .09; g = .29. 


. Percent Blacks 2 20 and < 40 (6): 


Dummy variable described in 22, for 
sixth-grade school; X = .08;¢ = .27. 
Percent Blacks = 40 and < 60 (YX): 
Dummy variable: | = Percent blacks 
in school > 40% and < 60%; average 
of each school pupil attended, 1967/ 
68-1970/71; X = .10; g = 31. 


. Percent Blacks 2 40 and < 60 (6): 


Dummy variable described in 23, for 
sixth-grade school; ¥ = .11; e = .32. 
Percent Blacks 2 60 (X): Dummy vari- 
able: | = Percent blacks in school = 
60%; average of each school pupil at- 
tended, 1967/68-1970/71, X = .52; 
g = .50. 


. Percent Blacks = 60 (6): Dummy vari- 


able described in 24, for sixth-grade 
school; ¥ = .5l; g = .50. 

Percent High Achievers: Average per- 
cent in pupil’s fifth and sixth grades 
scoring above 84th National Percentile 
on Iowa Test of Basic Skills; ¥ = 4.00; 
g = 5.93. 

Percent High Achievers in School: Per- 
cent of pupils in all grades of pupil’s 
sixth-grade school scoring above 84th 
National Percentile on Iowa Test of 
Basic Skills; X = 5.56, ¢ = 6.55. 

(25) x Third-Grade Score: Interaction 
of Third-Grade Score with Percent 
High Achievers. 

(25’) x Third-Grade Score: Interaction 
of Third-Grade Score with Percent 
High Achievers in School. 

Percent Low Achievers: Average Per- 
cent in pupil’s fifth and sixth grades 
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scoring below 16th National Percentile 
on Iowa Test of Basic Skills; ¥ = 48.75; 
o = 18.50. i 

. Percent Low Achievers in School: Per- 
cent of pupils in all grades of pupil’s 
sixth-grade school scoring below 16th 
National Percentile on Iowa Test of 
Basic Skills; X = 45.4l;0 = 17.39. 

28. Disruptive Incidents (X): Average of 

annual number of disruptive incidents 

in each school pupil attended, 1967/68- 

1970/71; X = 2.89; o = 2.31. 

Disruptive Incidents (6): Number of 

disruptive incidents in school and year 

pupil attended in sixth grade; ¥ = 

2.85; e = 2.39. 

29. (28) x Third-Grade Score: Interaction 
of Third Grade Score with Disruptive 
Incidents (Y). 

29’, (28’) x Third-Grade Score: Interaction 
of Third Grade Score with Disruptive 
Incidents (6). 


28". 


Sources: 1: The authors (1975), Individual 
Pupil Records, Form EH-7, ‘and School 
District of Philadelphia (SDP) 1960-70 
Tape on Pupil Addresses. 2-10: Individual 
Pupil Records, Form EH-7 and Roll 
Sheets. 11-12’: Jack Gourman and SDP 
Permis File. 13-15’: SDP Permis File. 16- 
20: Monthly Reports, Field Operations 
and Subsidies Division, SDP. 21-21‘: Office 
of Research and Evaluation, SDP. 22-24’: 
Enrollment, Negro and Spanish-Speaking in 
the Philadelphia Public Schools. 25-27: Re- 
ports of Division of Testing, Office of Re- 
search and Evaluation, SDP. 25’-27': Office 
of Research and Evaluation, Reports of 
Spring Achievement Test Results. 29-29’: 
Facilities Security, SDP, Reports on Inci- 
dents by School Code, Date, and Incident 
Classifications. 
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The Forward Exchange Rate, Expectations, 
and the Demand for Money: 
The German Hyperinflation 


By JacoB A. FRENKEL* 


A major difficulty in incorporating the 
role of inflationary expectations in empir- 
-ical work has been the lack of an observ- 
able variable measuring expectations. Thus, 
for example, in analyzing the demand for 
money during hyperinflation, Phillip Cagan 
in his classic contribution constructed a 
time-series of expected inflation using a spe- 
cific transformation of the time-series of the 
actual rates of inflation. There are two con- 
ceptual difficulties with such an approach: 
first, the choice of the specific transforma- 
tion used to generate the series of expecta- 
tions is to a large extent arbitrary; and 
second it assumes that expectations about 
future prices are based only on past and 


| present prices. Recent empirical work that 


was stimulated by Cagan’s pioneering study 
elaborated on some aspects of the estima- 
tion procedures (see Thomas Sargent and 
Neil Wallace; Sargent 1977; Joseph Bisign- 
ano; Paul Evans; Rodney Jacobs 1975; 
Mohsin Khan 1975), and the functional 
form (see Robert Barro 1970; Benjamin 
Eden 1976). The ongrowing literature con- 
cerning rational expectations (for example, 


John Muth 1961; Robert E. Lucas) has led 


*University of Chicago and Tel-Aviv University. I 
am indebted to John Bilson and Rolf Banz for sug- 
gestions and efficient research assistance. In revising 
the paper I have benefited from numerous suggestions 
by Robert Barro, Phillip Cagan, Kenneth Clements, 
Rudiger Dornbusch, Paul Evans, Stanley Fischer, 
Benjamin Friedman, Milton Friedman, John Gould, 
Zvi Griliches, Arnold Harberger, Albert Hart, James 
Heckman, Edi Karni, Mohsin Khan, David Laidler, 
Edward Lazear, Robert Lucas, Huston McCulloch, 
Merton Miller, Franco Modigliani, Michael Parkin, 
Aris Protopapadakis, Thomas Sargent, Jose Scheink- 
man, Larry Sjaastad, Jerome Stein, Lester Telser, and 
Arnold Zellner. Financial support was provided by a 
srant from the Ford Foundation. 
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to an examination of the conditions under 
which the adaptive expectations process is 
“rational” in the sense of Muth (1961). 
See Sargent and Wallace (1973); Sargent 
1977); Benjamin Friedman  (1975a); 
Michael Mussa. 

In this paper I propose a direct measure 
of expectations which is then incorporated 
in the analysis of the demand for money 
during the German hyperinflation. The 
major virtue of the proposed direct measure 
is that it is not derived from a specific 
mechanistic formula, but rather, it reflects 
the expectations of economic agents as 
manifested in market prices. The direct 
measure is based on data from the forward 
market for foreign exchange. The plan of 
the paper is as follows: Section I describes 
the direct measure of expectations and pro- 
vides evidence on the efficiency of the for- 
eign exchange market. Section II incorpo- 
rates these expectations in estimating the 
demand for money. The issues that are dis- 
cussed in that section involve the proper 
functional form, the proper price deflator, 
the stability of the demand for money dur- 
ing the various phases of the hyperinfla- 
tion, possible lags of adjustment and the 
resultant estimates of short-run and long- 
run demand functions, and the role of price 
variability and uncertainty in the specifica- 
tion of the demand for money. Section [II 
deals with the issue of inflationary finance 
and the money supply process. In this con- 
text I examine the interrelationships be- 
tween money and prices and discuss some 
aspects of “causality” by analyzing the 
time-series properties of money and prices. 
Section IV contains some concluding 
remarks. 
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I. The Foreign Exchange Market 
and Expectations’ 


A. Expectations and the Forward 
Exchange Rate 


The fundamental variable that is used in 
representing the market measure of expec- 
tations is derived from the market for 
foreign exchange. In that market, the pre- 
mium (or discount) on a forward contract 
for foreign exchange measures the antici- 
pated depreciation (or appreciation) of the 
domestic currency in terms of foreign ex- 
change. To the extent that domestic money 
is held as a substitute for foreign money, 
the demand for domestic money will de- 
pend on the anticipated change in the ex- 
change rate as measured by the forward 
premium (or discount). To the extent that 
domestic morey is held as a substitute for 
bonds, we may still use the forward pre- 
mium as measuring the relevant cost of 
holding money by relying on the interest 
parity theory. That theory maintains that in 
equilibrium the premium (or discount) on a 
forward contract for foreign exchange is 
(approximately) related to the interest rate 
differential according to: 


(1) : 





where F and § are the forward and spot 
exchange rates (the domestic currency price 
of foreign exchange), respectively; i the do- 
mestic rate of interest; and i* the foreign 
rate of interest on comparable securities for 
the same maturity. Evidence available for 
various countries over various time periods 
suggest that this parity condition holds (see 
the author and Richard M. Levich 1975, 
1977), although, due to lack of data, no 
comparable study has been done on the 
period of the German hyperinflation. It is 
reasonable to assume that during the hyper- 
inflation most of the variations in the dif- 
ference between domestic and foreign an- 
ticipated rates of inflation were due to 


'The argument in this section draws on my paper 
(1976a). 
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anticipated domestic (German) inflation. n 
follows, therefore, that the variations of thé 
forward premium on foreign exchange 
(F — S)/S may be viewed as a measure of 
the variations in the expected rate of infla- 
tion (as well as the expected rate of change 
of the exchange rate). 


| 
| 
B. The Efficiency of the Foreign | 

Exchange Market | 


Prior to incorporating the forward pre- 
mium as a measure of expectations, it iĝ 
pertinent to explore the efficiency of the 
foreign exchange market during the turbu- 
lent hyperinflation period. Evidence on the 
efficiency of that market will support the 
approach of using data from that market as 
the basis for inference on expectations. 

If the foreign exchange market is ficient 
and if the exchange rate is determined in a 
similar fashion to other asset prices, we| 
should expect the behavior in that market 
to display similar characteristics as those 
displayed in other stock markets. In pars, 
ticular, we should expect that current ae 
reflect all available information, and that 
the residuals from the estimated regression | 
should be serially uncorrelated. 

To examine the efficiency of the nese 
we first regress the logarithm of the current 
spot exchange rate, log S,, on the logarithm 
of the one-month forward exchange rate 
prevailing at the previous month, log F,_;. 


(2) log Sı = a+ blogFi.; + u 


The expectation is that the constant that 
does not differ significantly from zero, tha 

the slope coefficient does not differ sig- 
nificantly from unity, and that the error 
term is serially uncorrelated.” Since data on 
the German Mark-Pound Sterling (RM/£) 


2The logarithms of the exchange rate are used rather 
than the exchange rate itself. In the latter case the re- 
gression is completely dominated by the last few ob- 
servations due to the rapid acceleration of the depre- 
ciation of the Reichsmark (RM). Furthermore, results 
obtained by using changes in the logarithms may be 
interpreted in terms of a comparison between expected ` 
and realized rates of return. Data on the spot and forsa! 


ward exchange rates are from Paul Einzig. A 
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forward exchange rate are available only 
from February 1921, equation (2) was esti- 
ated over the period February 1921- 
ugust 1923 (31 months). The resulting 
rdinary least squares estimates are re- 
ported in equation (2') with standard errors 
parentheses below the coefficients. 


(2°) log S, = —.45 + 1.09 log F,_, 
(.25)  (¢.03) 
R? = .98;5.e. = 46; D.W. = 1.89 


As can be seen, the constant term does not 
differ significantly from zero at the 95 per- 
ent confidence level (although it seems to 
be somewhat negative), the slope coefficient 
is somewhat above unity (at the 95 percent 
confidence level) but, most importantly, the 
Durbin-Watson (D.W.) statistic indicates 
that the residuals are not serially cor- 
related.’ The fact that the slope coefficient is 
slightly above unity may be explained in 
terms of transaction costs or in terms of the 
‘Keynesian concept of normal-backwarda- 
tion (see John M. Keynes, 1930 Vol. II, 
r\ 143)4 The joint hypothesis that the 
nstant term is zero and that the slope co- 
efficient is unity is rejected at the 95 percent 
confidence level. 
` To explore further the implications of the 
efficient market hypothesis we examine 
whether the forward exchange rate sum- 
marizes all relevant information. In an ef- 
ficient market F,., summarizes all the in- 
formation concerning the expected value of 
S, that is available at period t — 1. Spe- 
cifically, one of the items of information 
available at t — I is the stock of informa- 
pion available at t — 2, and if the market is 


ii 






3Since the D.W. statistic tests for the presence of 
first-order autocorrelated residuals, I have also ex- 
amined higher order correlations up to 12 lags; no 
correlation of any order was significant. To test for the 
hypothesis that the distribution generating the sample 
is normal, I have computed the studentized-range (the 
ratio of the range of the residuals to their standard 
error); the resulting statistic was 4.54—well within the 
interval for the 95 percent confidence level (3.57, 5.06). 
We thus cannot reject the hypothesis that the residuals 
are normally distributed. 

4This inference, via Jensen’s inequality, may be due 
to the choice of the numeraire. For details see J. 
Baston McCulloch. 
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efficient, that information will be contained 
in FA. If, however, /_,; summarizes all 
available information including that con- 
tained in F,_2, we should expect that add- 
ing F,.2 as an explanatory variable to the 
right-hand side of (2) will not affect the 
coefficient of determination and will have a 
coefficient that is not significantly different 
from zero. Equation (2”) reports the re- 
sults of that regression: 
(2”) log S, = ~.45 + 1.10log F,_, 
(.26)  (.08) 
— .006 log F,_2 
(.08) 


R? = 98; s.e. = 46; D.W. = 1.91 


The results in (2”) support the efficient mar- 
ket hypothesis.” 

To examine further the stability of the re- 
gression coefficients during the various 
phases of the hyperinflation I divided the 
sample into two parts: “moderate” hyper- 
inflation and ‘‘severe” hyperinflation, where 
the latter characterized the last nine months 
of the sample period.® A Chow test was per- 
formed on the estimates of equations (2) 
and (2”) to test the equality of each and 
every coefficient of the two subperiod’s re- 
gressions. This procedure showed that the 
hypothesis that the regression coefficients 
do not differ between the two subperiods 
cannot be rejected at the 95 percent level. 

The results reported in this section pro- 
vide support for the notion that during the 
hyperinflation expectations may have be- 
haved “rationally”? in the sense of Muth, 
and that one may use data from the foreign 
exchange market to measure expectations. 


5Following the procedure used by Eugene Fama I 
have also regressed /og S, on log F,_, and on log Sy]. 
Since these two lagged variables are highly correlated 
(they actually summarize information corresponding 
to the same point in time), the resulting separate point 
estimates are inefficient; however, the sum of their co- 
efficients did not differ significantly from unity. 

6The moderate hyperinflation during the first 22 


_ months of the sample period (February 1921~Novem- 


ber 1922) was about 20 percent per month while the 
severe hyperinflation during the last 9 months of the 
sample period (December 1922-August 1923) was 
about 80 percent per month. 
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In fact, it should not be surprising that even 
during the turbulent period of the hyper- 
‘inflation the rational expectations hypoth- 
esis might apply. It stands to reason that 
the larger veriability of the exchange rate 
increases the rate of return from and the 
amount of resources invested in accurate 
forecasting.’ 

The notion that futures markets provide 
information on inflationary expectations 
need not be specific to the market for for- 
eign exchange. and in principle one could 


use data from other commodity futures - 


markets. The advantage, however, of using 
the market for foreign exchange is that it 
avoids to a large extent the difficulty of 
distinguishing changes in relative prices 
from changes in the absolute level of prices 
—a distinction that is critical in the analysis 
of futures prices of specific groups of com- 
moditiés. In that respect, the expectations 
about the future course of the exchange rate 
may be used as a reasonably good proxy 
for the expectations about the path of the 
aggregate price level. During the period 
under consideration the correlation among 
the various aggregate price indices and the 
exchange rate exceeded .99. In view of the 
high correlation, it seems reasonable to 
identify the expectations on the exchange 
rate with the expectations on the price 
level.® 


7It should be noted that although on the average, 
the forward exchange rate is shown to be a good pre- 
dictor of the future spot exchange rate and the ex- 
change rate in turn is closely related to the price index, 
the forward premium on foreign exchange appears to 
underestimate the future rate of inflation. This fact, 
however, need not be inconsistent with the rational ex- 
pectations hypothzsis. The latter requires that indi- 
viduals use efficiently all available information. In fact 
a rational expectations approach might predict that, in 
the absence of a previous experience with an environ- 
ment of hyperinflazion, while individuals learn the new 
structure, mistakes would occur and expectations 
would initially underpredict the actual course of events. 
For an application of the rational expectations hy- 
pothesis to the German hyperinflation see Sargent and 
Wallace; Sargent (1977); Evans; Aris Protopapadakis; 
Michael Salemi. 

8A detailed analysis of the purchasing power parity 
during that period :s provided in my paper (1976a). 
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II. The Demand for Money During 

the Hyperinflation 7 

In the present section we incorporate the 

information on expectations into the esti- 

mation of the demand for money. We start 

with an analysis of the. appropriate func- 
tional form. 


A. The Functional Form 


In the absence of a direct measure of ex- 
pectations, estimating the demand for 
money involves a joint estimation of tw& 
hypotheses: (i) the specific functional form 
chosen for the demand for money, and (ii) 
the specific formulation on the process by 
which individuals are assumed to form ex- 
pectations. Thus, for example, Cagan hy- 
pothesized that the demand for money has 
a semilogarithmic form and that expecta- 
tions are formed adaptively as in equa- 
tions (3)--(4): 


d 
(3) log (22 sy eine et 


a aat aa na AA a 


a 
3 
i 


B(P/P — r) 


where (M/P)* denotes the demand for real 
cash balances; M denotes the nominal 
money stock; P the price level; P/P and x 
the actual and the anticipated rates of infla- | 
tion, respectively. The formulation in equa- | 
tion (3) reflects the assumption that during | 
the hyperinflation, changes in the demand 
for money were dominated by changes in 
inflationary expectations so that the effects, 
of changes in output and the real rate of 
interest on the demand for money may be 
ignored.” Equating the demand for real bal- 
ances with the supply permits replacing , 





9This assumption seems justified in view of the small 
variations in output relative to variations in the antici- 
pated inflation rate. The percentage of unemployed 
members of trade unions varied from 4.7 percent in 
February 1921 to 6.3 percent in August 1923 (see 
Costantino Bresciani-Turroni, p. 449) while an overall 
employment index varied from 95.6 percent in Feb- 
ruary 1921 to 95 percent in August 1923 (see Barro 4 
1970, p. 1270). gl 
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(M/P)* by M/P in equation (3). Cagan’s 

‘estimation procedure, which was later fol- 
lowed by others, amounted to generating 
alternative series of + corresponding to se- 
lected values of 8 in (4) and then choosing 
the value of the adaptive coefficient 8 which 
resulted in the best fit in (3). 

The measure of expectations suggested in 
the previous section provides an indepen- 
dent set of data, and it makes possible an 
analysis of the choice of the appropriate 
functional form for money demand that 
does not depend on assumptions concern- 

ping formation of expectations. We consider 
two alternative functional forms: (i) the 
semilogarithmic form as in (3), and (ii) the 
double-logarithmic form as in (5). 


(5) log 2 = ca logn + u 


where 7’ denotes the elasticity of the de- 
mand for real balances with respect to the 
anticipated rate of inflation. 

One of the difficulties of using the 
double-log form is that during some 
months, early in the sample period, the 

“forward premium on foreign exchange was 
negative (reaching —.8 percent per month 
in early 1921) presumably reflecting the 
initial expectation that the price rise has 
been temporary, that the process will re- 
verse itself and prices will return to their 
previous level.'° Since the logarithm of a 
negative quantity is not defined, the inde- 
pendent variable in (5) was transformed 
from v to (k + r) which henceforth is re- 
ferred to as r*. A maximum likelihood esti- 


M These regressive expectations were widespread in 
particular among foreign speculators who were more 
confident than Germans themselves in the future of 
Germany. These expectations account for what other- 
wise would have been regarded as a major paradoxical 
phenomenon of large foreign holdings of the rapidly 
depreciated Reichsmark. In fact even in October 1922 
about 22 milliards paper marks were sold to foreigners 
through foreign banking houses; for further evidence 
see Bresciani-Turroni, pp. 52 and 86-87. These large 
foreign holdings are also consistent with the hypothesis 
that the forward premium is the relevant variable in 
the demand for money function. For a theory of ex- 
pectations formation along these lines, see my paper 
(1975). 

‘- 
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mation of (5) along with the value of k re- 
sulted in a value of k which lies between .9 
and 1.1 percent per month. For ease of ex- 
position, in what follows we set the value of 
k at 1 percent per month, and thus, the 
coefficient » (the elasticity of the demand 
for real cash balances with respect to z*) 
may be viewed as the interest elasticity of 
the demand for money." 

The choice of the functional form can 
be made by following the Box-Cox pro- 
cedure of estimating the function 

a | 


(6) log =p + 6, = 

The transformed variable (#** — 1)/X has 
a value of +* — 1 for A = 1 and a value of 
log x* when À approaches zero. Thus, when 
A = 1, the functional form is the semi- 
logarithmic form as in (3), while when A = 
0 the functional form is the double-loga- 
rithmic form as in (5). Since the residuals 
of (6) are highly correlated, the proper pro- 
cedure is to perform a maximum likelihood 
estimation of (6) along with the values of 
AX. and p (the first-order autocorrelation co- 
efficient).'* The likelihood ratio test indi- 
cates that the semilogarithmic form is the 
appropriate functional form. Since, how- 
ever, the likelihood function is relatively 
flat, and since, as will be shown below, the 
autocorrelation coefficient is much lower in 


+ H 


While the anticipated difference between the 
domestic and the foreign rates of inflation that is mea- 
sured by the forward premium r may be negative, the 
nominal rate of interest may not. To the extent that 
the relevant variable in the demand for money is “the” 
nominal rate of interest (which from (1) is equal to 
x +i*), our estimate of k is not unreasonable in 
proxying “the” foreign nominal rate of interest. The 
value of k is also consistent with the value of the real 
rate of interest used in Barro (1972, p. 985). An analo- 
gous computational difficulty was faced by Barro who 
computed the square-root of the average rate of infla- 
tion over several time intervals and set equal to zero 
the few negative values which occurred in the early 
period (see Barro 1970, p. 1253, fn. 37). 

12For the proper procedure as well as a description 
of the Box-Cox transformation, see Arnold Zellner 
(1971, ch. 6). For a recent application of the Box-Cox 
transformation for estimating the model with Bayesian 
techniques see Bisignano; see also Paul Zarembka; 
John Spitzer. 
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the double-logarithmic form, I will present 
in the following section estimates for both 
functional forms. 


B. Estimates of the Demand for Money 
and the Price Deftator 


Prior to estimating equations (3) and (5) 
two issues are noteworthy. The first relates 
to the appropriate price level to be used in 
deflating the rominal money stock. To a 
large extent the question is empirical and 
depends on the theory that underlies the 
derivation of the demand for money. The 
presumption, however, is that if the aggre- 
gate demand for money is dominated by 
households’ behavior, then the relevant 
price index should be the consumer price 
index (the cost of living). The estimates of 
the demand using both alternative de- 
flators, the wholesale price index, and the 
cost of living index, are reported below.” 

A slightly more subtle question involves 
the dating of the price level. Should the 
money stock ke deflated by the current 
price level or, should it be deflated by the 
average price that is expected to’ prevail 
during the spending period? To examine 
this latter question I have constructed a 
series of the average expected price by mul- 
tiplying the current price by a factor that is 
equal to 1 plus the average rate of inflation 
that is éxpected to prevail over the follow- 
ing month; the latter, in turn, was measured 
by ¢ where ¢ = (InF — InS)/2, although a 
more refined measure would have related 
the length of the spending period to the 
changing length of the payments period 
which is known to get shorter as inflation 
accelerates. We thus use four alternative 
deflators: (i) the wholesale price index, P,,; 
(ii) the anticipated monthly average whole- 
sale price index, P,(1 + 6); (iii) the cost of 
living index, ,; (iv) the anticipated 
monthly average cost of living index, 


While Cagan, Sargent and Wallace, and Khan 
used the wholesale price index, Barro (1970) used the 
cost of living index. 

14QOn the rcle of the endogeneity of the payments 
period during the German hyperinflation see Barro 
(1970) and Peter Garber. 


SEPTEMBER 1977 


P.(.1 + ¢). The various estimations reveal — 
that during that period the distinction be- 
tween the current price and the anticipated 
average price does not yield estimates that 
are significantly different from each other; 

I therefore do not report the detailed re- 
sults for the anticipated monthly average 
price defiators. Table 1 reports the results 
of estimating the two functional forms for 
the two alternative price deflators. 

The results in Table 1 indicate the sig- 
nificant difference arising from using al- 
ternative price deflators. Generally, the in- 
terest elasticity of demand for money sy 
larger (in absolute value) when the price 
deflator is the wholesale price index rather 
than the cost of living index. The more 
striking fact relates to the interest elasticity 
of demand for money which ranges between 
the value of — 1/2, as predicted by the typi- 
cal Baumol-Tobin-Barro models of the 
transactions demand for cash, and the value 
of —1/3, as predicted by the Miller-Orr- 
Whalen models of precautionary and trans- 
actions demand. The semilogarithmic elas- 
ticities are somewhat lower than the esti- — 
mates of Cagan, Barro (1970), and Khan‘ 
(1977), and somewhat higher than the esti- 
mates of Khan (1975). As can be seen from 
Table 1, although the standard errors of the 
regressions are lower in the semilogarithmic 
functional form, a large fraction of the fit is 
attributed to the high value of the auto- 
correlation coefficient. In contrast, the fit of 
the double-logarithmic functional form is 
mainly attributed to the economic variables 
rather than to the autocorrelation coef- 
ficient.” E 

Since the estimation procedure and the 
approach in the present paper differ funda- 
mentally from those of Cagan, Barro, and 


SThe maximum likelihood estimation of (6), with 
the cost of living index as the price deflator, results in 
an optimal Af = .980 with a standard error of the re-’ 
gression o(Af) = .1091 (compared with @(A, = 1) = 
.1093 and ô (à; = 0) = .1338). When we use the whole- 
sale price index as the price deflator the optimal A is 
A$ = .975 with a standard error of the regression 
a(AF) = .146] (compared with (à, = 1) = .1462 and 
(à = 0) = .1876). Since the transformation in (6) is ` 
applied only to the independent variable, the max- ý 
imum likelihood estimate is the estimate that min- f 


—— me 
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TABLE I—DEMAND FOR MONEY AND FORWARD PREMIUM, MONTHLY DATA: 
FEBRUARY 1921—~AUGUST 1923 


Dependent 

Variable Constant log x* 
lee 6.197 —0,358 
Pe (.057) (.028) 

log al 4,980 

Pe (.560) 
poe 5.718 -0.542 
Py (.078) (.039) 

log M 4.637 

Po (.519) 


Note: P, = cost of living index; Py, = 


3.316 
(362) 


(.270) 


* s.e. R2, D.W. p 
134 955 1.99 0) 

~ 1.651 109 970 1.66 967 
188 959 1.97 ` 487 
146 975 1.88 950 


wholesale price index; standard errors are in parentheses below each coef- 


ficient; p is the final value of the autocorrelation coefficient. An iterative Cochran-Orcutt transformation was 


employed to account for first-order, serial correlation in the residuals. Similar results were obtained with a 


Hildreth-Lu transformation. The R? is the coefficient of determination (corrected for degrees of freedom) and 
s.e. is the standard error of the equation. To verify that the serial correlation was indeed of the first-order we 
have examined the autocorrelation and the partial autocorrelation functions of the residuals from the above 
equations for 12 lags and found that the correlation among the various residuals has been removed. To allow 
for a possible simultaneous equation bias due to the endogeneity of the forward premium the above equations 
were also estimated using a two-stage least squares procedure with the percentage change in the money supply 
and the money-bond ratio as instruments. None of the coefficients was significantly affected. Data on money 
and prices are from Frank Graham-and Jan Tinbergen and from primary sources referred therein. 


» 


imizes the sum of squared errors. Thus, the standard 


error of the regression is inversely related to the likeli- 
hood function. Denoting the unconstraint parameter 
space by Q and the constraint parameter space by w, 
we obtain the corresponding maximum likelihood 
L(Q) and L(&). Define the ratio ¢ = L{@)/ L(Q). The 
null hypothesis is rejected when ¢ is smaller than a 
critical value to be determined by the significance level. 
Minus twice the difference in the logarithmic likeli- 
hood between a null and alternative hypothesis is dis- 
tributed x? with degrees of freedom equal to the num- 
ber of restrictions imposed by the null hypothesis, 


pus we have: 


—2 In @ = 2N{In &(Ho) — In G(A*)] ~ x7) 


where N denotes the number of observations. The 
likelihood ratio test indicates that at the 95 percent 
confidence level one cannot reject the null hypothesis 
that A = I (ie. that the functional form is semi- 
logarithmic) while, at the 95 percent confidence level 
the null hypothesis that A = 0 must be rejected. How- 
ever, as indicated above, the superiority of the semi- 
logarithmic form is due to the high value of the auto- 
correlation coefficient. For example, when we use the 
cost of living as the price deflator, the standard error 
_of the regression when we include the autoregressive 
component of the error is .166 for the double-logarith- 
aic form and .495 for the semilogarithmic form. 


others, comparison of the results is difficult. 
In particular, it seems that a comparison of 
goodness of fit is entirely inappropriate since 
the other authors searched over : various 
possible lags of the adaptive expectations 
sO as to maximize the fit. In the present 
paper the expectations series were taken 
from an independent source of data rather 
than estimated jointly with the demand for 


‘money function. 


We now return to discuss the issue of the 
appropriate price deflator. As indicated 
above the choice of the price deflator de- 
pends on, among other things, whether the 
aggregate demand for money is dominated 
by the behavior of households or firms: A 
comparison of goodness of fit of the regres- 
sions in Table 1 does not shed light om the 
question of the appropriate price deflator 
Since the two sets of equations in Table | 
differ in the dependent variable. In prin- 
ciple, however, we may define a composite 
price deflator P which depends on the 
wholesale price index P,, and on the cost of 


* 
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TABLE 2—-DEMAND FOR MONEY AND THE PRICE DEFLATOR, MONTHLY Data: 
FEBRUARY 1921-AuGuST 1923 
(Dependent Variable: log M/P,) 


Constant log x* a* log(P,,/P-) . Se, ` R2 D.W. p | 
6.145 —0.378 0.110 135 956 2.01 AMG 
(.100) (.042) (.172) | 
4.855 —2.144 0.298 101 975 1.54 964 | 
(.433) (.325) (.126) 





Note. P, = cost of living index; P, = wholesale price index; standard errors are in parentheses below each, coef 
ficient; p is the final value of the autocorrelation coefficient. An iterative Cochran-Orcutt transformation wa 
employed’to account for first-order serial corfelation in the residuals; s.e. is the standard error of the regression 
The coefficient of log(P,,/P,) yields the weight that should be given to the wholesale price index in the construc- 
tion of the com osite price deflator. 


living index P, according to: 
D + P= PP 
Using P as the price deflator we may esti- 
. mate the parameters of the demand func- 
tion along with the weights @ and 1 — 9. 
This procedure will thus provide an esti- 
mate of the relative importance of the two 
price indices in determining the demand for 
money." 

Consider for example the semiloga- 
rithmic form with P as the price deflator: 


(8) log . = y — an* 


Substituting equation (7) in (8) and adding 
an error term: yields 


(9) 

log = y — an* + Glog(P,/P.) +u 
which can be estimated so as to provide 
estimates of the weights 0 and 1 — 8. A sim- 
ilar procedure may be followed for the 
double-logarithmic form yielding 
(10) 
log = ¢ — nlognr* + Olog(P,/P.) + u 


Table 2 reports the results of estimating 
the two functional forms (9)-(10). The re- 


sults indicate that in constructing the com- — 


'6For a similar procedure of estimating the weights 
of the various components of the wholesale price index 
see Garber. 


y 
posite price index the main weight should 
be attached to the cost of living index. In 
fact, the estimate of @ (the weight of the 
wholesale price index) does not differ sig- 
nificantly from zero’ in the double- 
logarithmic form while it is about .3 in the 
semilogarithmic form. We may conclude, 
therefore, that when the choice is between 


` these two price indices, the cost of living 


index seems to be the more appropriate 
price deflator. 







“4 
“MO 


C. Stability of the Demand for Money 


The estimates in Table | are based on 
data which displayed an extraordinary de- 
gree of variation. It is important to examine 
whether the estimated coefficients remained! 
stable throughout the inflationary process. 
Since Cagan’s estimates did not fit well in 
the last part of the hyperinflation, it was 
suggested that the coefficients may not have 
been fixed throughout the various phases of 
the hyperinflation (see Cagan, pp. 58-6 
To examine this possibility I have split the 
sample into its two phases and allowed for 
different coefficients for the last nine 
months. None of the dummy variables (on 
the constant term and on the slope co- 
efficient) was statistically different from 
zero—in fact, in most cases they were less 







than one standard error away from zero. 


Thus, the hypothesis that the coefficients of 
the demand for money remained stable dur- 
ing and between both phases of the hyper- 
inflation (the moderate and the = 


ee eset A. 
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TABLE 3—SHORT-RUN AND LONG-RUN DEMAND FOR MONEY, MONTHLY DATA: 
FEBRUARY 1921~AuUGUST 1923 





Dependent l log M Long-Run 7 Mean 
Variable. Constant log x* = Pj,- Elasticity s.e. R? h p Lag 
lg% 360 -0.232 0.418 -0.399 105 973 —.539 287 72 
P, (.567) (.034) (091) 

ig 3.403 —2.003 0.430 3.514 091 980 -1899 392 .75 
P: (.543) (.231) (.097) 

log% 4107 0.460 0.176 -0.558 184 962 119 391 21 
Py (640) (.064) (.111) 

W o 4.648 —3.330 0.028 -3.426 .149 975 296 945 03 
Pw (.593) (.369) (.100) 


Note: P, = cost of living index; P,, = wholesale price index; standard errors are in parentheses below each coef- 
ficient; p is the fina. value of the autocorrelation coefficient. An iterative Cochran-Orcutt transformation was 
jemployed to account for first-order serial correlation in the residuals: A is the statistic suggested by Durbin mea- 
suring the absence of first-order serial correlation in the presence of a lagged dependent variable; s.e. is the stan- 
dard error of the regression; the mean lag is measured by (1 — y)/¥. 


tions of the second of the aforementioned 
lags. Consider the long-run semilogarithmic 
demand function: 


(11) 


phases) cannot be rejected at the 95 percent 
confidence level.” 


D. Short-Run and Long-Run 


3 Demand Functions logm& = a + bré 


F ihe adaptive expectations mechanism in- 
corporates a lag of adjustment that char- 
acterizes the speed by which forecast errors 
are corrected. In principle one could 
envisage an additional lag induced by the 
cost of adjusting the existing stock of real 
cash balances to its desired level. Cagan’s 
assumption, which was later adopted by 
others, was that the latter lag is insig- 
nificant. He emphasizes, however, that as a 
theoretical matter the two lags enter the 
model symmetrically and indistinguishably 
(see Cagan, pp. 74-77). 

| In what follows we analyze the implica- 
' This result holds for both functional forms of the 
| demand for money. The fact that neither of the (mu- 
itually inconsistent) hypotheses of constant elasticity 
and constant semielasticity over the whole period can 
be rejected at the conventional confidence level reflects 
the “flatness” of the likelihood function. This latter 
phenomenon by itself is somewhat surprising given the 
large variation in the data during the hyperinflation. 

; l8 For a demonstration that the two lags lead to 
identical reduced form equation (if we ignore the prop- 
pties of the error term}, see Zvi Griliches. Roger 


where m* denotes desired long-run real 
cash balances. Assume a partial adjust- 
ment model where the percentage rate of 
attaining this long-run target is propor- 
tional to the (logarithm of the) ratio of the 
desired level to the actual quantities: 


(12) 
logm, — logm,_, = y(logmë — log m.) 


It follows that 

(12°) logm, = ylogm*ř + (l — y)log mı 
where y measures the speed of adjustment. 
Substituting (11) in (12’) yields 

(13) | 

_logm, = ay + byxré + (l — y)log m.i 


with an analogous equation for the double- 
logarithmic form. 
Table 3 reports the result of estimating 


Waud has shown that (in small samples) if both lags 
are present but the model assumes that only one is 
present, the bias in‘the estimates might be very sig- 
nificant. 
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the demand function with the lagged de- 
pendent variable for the two functional 
forms using both price deflators. Also re- 
ported in Table 3 are the values of the 
implied long-run elasticities and the average 
lag.? As may be.seen the lagged dependent 
variable enters significantly only where the 
price deflator is the cost: of living index, in 
which case the estimates of the speed of ad- 
justment are .582 for the double-loga- 
rithmic form and .570 for the semiloga- 
rithmic form.” These estimates imply that 
the time it takes to complete 90 percent of 
the stock adjustment is about 2.7 months. 
The long-run semielasticity is —3.514 
which, in contrast with the results in Table 
i, is closer in size to the corresponding 
quantity in the equation using the wholesale 
price index. I conclude, therefore, that 
while the two price deflators yield very dif- 
ferent short-run elasticities, these differ- 
ences are much narrower in the long run as 
a result of different speeds of adjustment. 


E. Price Variability, Uncertainty and 
the Demand for Money 


Previous studies have suggested that the 
specification of the demand for money 
should include some measure of the degree 
of uncertainty as proxied by the variability 
of the rate of inflation (see Benjamin Klein; 
and Khan 1977); for a further analysis see 


’ For an analysis of the distinction between short- 
run and long-run demand for money in the presence of 
partial adjustment see Gregory Chow. As indicated 
above, the present model assumes that the source of 
the lagged adjustment is only due to a portfolio adjust- 
ment lag and not due to lags in the formation of ex- 
pectations. Edgar Feige has shown that when both 
lags are operative, the reduced form equation must in- 
clude two lagged values of the dependent variable. To 
examine this possibility we have reestimated the model 
with a second lag of the dependent variable; in all 
cases the second leg did not enter significantly. 

20These estimates of the speed of adjustment are 
higher than those obtained by Cagan (using the whole- 
sale price index). Cagan did not find evidence that the 
speed of adjustment has risen during the later phases 
of the hyperinflation (see Cagan p. 60). Khan (1977) 
allowed the speed of adjustment to depend on the level 
and on the change in the rate of inflation and found 
that the speed of adjustment rose somewhat during 
the latter phases of the hyperinflation. 


~ 
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Eden (1975, 1976). As a theoretical matter, 
however, the effect of the rate of inflation 
on the demand for money is ambiguous. On- 
the one hand, a higher variance may raise 
the degree of uncertainty and thereby raise 
the precautionary demand. On the other 
hand, the variability of prices may reduce 
the usefulness of money as a unit of account 
and thereby reduce the extent to which the 
economy is monetized. Furthermore, the 
concept of variability need not coincide 
with that of uncertainty; surely, a path of 
prices which displays large variation may be 
associated with less uncertainty than 
another path of prices displaying less varia- 
tion—for example, if the former is fully 
anticipated and the latter is not. A relevant 
variable, therefore, might be the variance of 
the prediction error. 

We measure 1*—the expected rate of de- 
preciation during period t (as perceived at 
period t — 1)—by the forward premium 
on foreign exchange, i.e., w* = InF,_, — 
in S,_,, and we denote the actual change in 
the exchange rate by # = In S, — InS,_). 
Thus, the variance of the forecast error is. 
Var(# — w*) which is assumed to be} 
formed by the adaptive process. Since it is ` 
not possible to estimate the variance of a- 
single observation, the adaptive process | 
was applied to the first and second mo- 
ments according to”! 


(14) Ex) = kil) + ôx — Ay_1(x)) 
(15) EG’) = BQ) + ôi — Ey_1(x’)) 


where x denotes the forecast error. Succes- 
sive substitution for £,_;(x) yields the 
known result that the expectations are, 
weighted averages of all past AE 
with exponentially declining weights that 
sum to unity. These weights may therefore 
be interpreted as probabilities and hence, 
when the sum converges, the expectations 
will exist and the variance can be computed 
as usual: 


Var,(x) = E,(x") — [E(x)]° 
The specifications corresponding to those 


2tIn implementing the procedure, the initial values `è 
of E(x) and E(x~) were estimated as the lon" 
averages of the first six observations. a 
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of Table 1 were extended to include the 
warlance as an additional independent vari- 
able and were estimated together with the 
corresponding adaptive expectations rule. 
The method of estimation was to generate 
different series of the variance correspond- 
ing to alternative values of the adjustment 
coefficient 6, and then to choose the re- 
lationship that yielded the best fit. Clearly, 
if the best fit is reached when 6 = 1, the 
implication is that the specified variance 
does not belong in the demand for money. 
Performing the estimation with Jog 
r(# — r*)as the added variable revealed 
hat in all cases none of the coefficients of 
the variance terms was significantly dif- 
ferent from zero, and for both specifications 
the best fit was reached when ô = 1.” I 
conclude that the evidence from the Ger- 
man hyperinflation does not support the 
hypothesis that the variance (as computed 
above) belongs in the demand for money. 






III. Inflationary Finance and the Money 
Supply Process 









The analysis hitherto focused on esti- 
mates of the demand for money. To gain 
insights into the determinants of the in- 
flationary process, I turn now to an analy- 
sis of the supply of money starting with a 
discussion of inflationary finance. 


A. Government Revenue from Inflation 


The reparation payments imposed on 
Germany under the Treaty of Versailles im- 
osed a potentially heavy budgetary bur- 

. The acceptance of the Ultimatum of 
ondon in early 1921 required a fiscal re- 


4 


22It should be noted that when instead of the loga- 
rithm of the variance we added the variance itself, it 
was never significant in the equations using the whole- 
sale price index as a deflator. However in the semi- 
logarithmic form of the demand for money using the 
icost of living as the price deflator, a maximum likeli- 
‘hood (while extremely flat) was reached when ô, the 
adjustment coefficient, reached the value of .4. In that 
case the coefficient of the variance was insignificant at 
the 95 percent confidence level, but significant at the 90 
percent confidence level. It seems, however, that this 
iresult should not lead to a change of the conclusions 

tithe text. - 
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form which was intended to generate tax re- 
ceipts sufficient for the reparation pay- 
ments. While these developments affected 
expectations, they did not by themselves 
induce an accelerating hyperinflation. In 
February 1921 only about half of the gov- 
ernment budget was financed by floating 
debt, most of which was absorbed by the 
private sector, while the other half was 
financed by taxes. During that period only 
about 33 percent-of the outstanding trea- 
sury bills were held by the Reichsbank. The 
budgetary burden became severe with the 
occupation of the Ruhr in early 1923 and 
the loss of important sources of tax income. 
The tremendous deficits induced by the 
massive relief payments to Ruhr workers 
were associated with a significant deteriora- 
tion of the fiscal system and an acceleration 
of the hyperinflation. In August 1923 gov- 
ernment revenue from taxes amounted to 
only 8 percent of the revenue generated by 
floating debt. The reduced attractiveness of 
treasury bills lowered the demand on the 
part of the private sector. As a result, an 
increasing fraction of new issues of govern- 
ment debt had to be monetized as it got 
absorbed in the portfolio of the central 
bank. By August 1923 more than 80 per- 
cent of the outstanding debt was held by the 
Reichsbank, and thus the inflationary im- 
pact of floating debt became much more 
significant than at the early period since 
it corresponded to an almost equivalent rise 
in the issue of notes.” 

The gradual deterioration of the fiscal 
system and the increased reliance on float- 
ing debt as the prime instrument of govern- 
ment finance have stimulated interest in the 
question of what determines the amount of 
resources that a government can extract 
from an economy by means of inflationary 
finance (see Keynes 1923, ch. 2).% An ex- 


23The estimates of the shares of private and public 
sectors’ holdings of treasury bills and of the shares of 
taxes and debt issue in government revenue are com- 
puted from Statistisches Reichsamt (1924, pp. 31 and 
63). 

24The semilogarithmic functional form implies that 
(in the absence of growth) the steady-state revenue- 
maximizing rate of inflation is 1/a. Previous estimates 
of a have suggested that the: rate of money creation 
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amination of the path of the real value of 
money creation indicates that, when the 
wholesale price index is used to deflate the 
nominal addition to the money supply, real 
government revenue from money creation 
was relatively stable.” It is consistent there- 
fore with the hypothesis that the rate of 
monetary expansion was itself endogenous 
to the desir: to secure command over a 
given real amount of resources.” . 
Viewing the rate of monetary expansion 
in that perspective suggests that the ac- 
celeration of the rate of inflation need not 
indicate a situation of a self-generated in- 
fiation resulting from a violation of the 
familiar stability condition (1 < a@) of 





seems to have exceeded the sustained rate which max- 
jmizes government revenue. In trying to account for 
this Milton Friedman suggested that governments are 
shortsighted and behave myopically. The author 
(1976b) analyzed the conditions under which the 
present value o? government revenue with monetary 
growth rate that exceeds | /a is higher than the present 
value of the proceeds from lower monetary growth due 
to the dynamic path of adjustment. Evans modified 
Cagan’s model and concluded from his new estimates 
that the revenue-maximizing inflation rate is much 
higher than was estimated in previous work and in 
fact during mos: of the period the inflation rate was 
below the revenue-maximizing rate. Sargent (1977) 
suggests tzat the evidence itself may be an artifact due 
to a statistically inconsistent estimate of a. He then 
shows that under the general conditions which make 
Cagan’s adaptive expectations process rational, the 
parameter a is not econometrically identifiable.. More- 
over wher. some restrictions are assumed on the cor- 
relation between the shocks to the demand for and the 
supply of money, the parameter œ is usually poorly 
estimated It might be noted that the approach of com- 
puting the steady-state revenue-maximizing rate of in- 
flation leaves unanswered the question of why a rea- 
sonable government should seek to maximize its 
revenue by means of inflation. Moreover, the analyt- 
ical framework assumes that the government has a 
monopoly power over the issue of notes—-an assump- 
tion that did not hold during the German hyperinfla- 
tion. In fact the Reichsbank allowed private agencies 
to print aad circulate their own money which was re- 
ferred to as Notzeld or “emergency money.” Accord- 
ing to the president of the Reichsbank, the quantity of 
the various kinds of emergency money at the end of 
1923 was about twice the size of the Reichsbank note 
circulation (see Hjalmar Schacht, p. 106). 

. 25When the cest of living index is used as the price 
deflator, the path of real government revenue diplays a 
slight positive trend. The proper price deflator, how- 
ever, should correspond to the patterns of government 
spending. A study of the budget for the period 1920-21 


E 
; 


SEPTEMBER 1977 
Cagan’s model (equations (3)-(4) above).” 21 
Under rational expectations individuals 
form expectations on the basis of the pre- 
dictions of the underlying economic model. 
Therefore, expectations about the price 
level will be based on expectations about 
the money supply process and, after a learn- 
ing period, the expectations about the price, 
level will replicate (the systematic part of) 
that process. It follows, therefore, that in| 
such a model expectations (or their speed of 
adjustment) cannot be the fundamental 
source leading towards instability. Rather, 
the speed of adjustment itself is an ty 
enous part of the system and instability 
inflation arises only from instability of the 
money supply process which underlies the 
generation of the path of prices. Within! 
this framework it seems natural that to’ 
understand the economics of hyperinflation 
one needs to examine in more detail the 
characteristics and determinants of the 
money supply process rather than concen- 
trate mainly on the characteristics of the 
demand function. We turn now to discuss 
that question. 


B. Money and Prices: Tests of Causality — 


In this section we analyze the inter- 
dependence between money and prices and | 


fer Aah te ean Oe es ge ee TU, eee eae ie games tony 
indicates that the proper price deflator is the wholesale! 
price index. In that study each item of the budget, 
whether on a dollar basis (payments under the Treaty 
of Versailles) or on the wholesale price index (ex- 
penses on materials) or on the cost of living index (ex- 
penses on salaries), has been calculated in gold value. 


‘The sum of these separate amounts expressed in gold 


was about the same as the sum obtained by converting | 
all expenses on the basis of the wholesale price index 
(see Statistisches Reichsamt, 1924, p. 95). 

26This hypothesis has been analyzed’ by Barro! 
(1972), by Sargent and Wallace, and by Jacobs (1977). 
In principle, government revenue from money creation | 
should be computed by using only high powered 
money; we ignore this distinction. It should be noted, 
however, that in contrast with a typical process of in- 
flation, there is evidence that the banking system did 
not benefit much from the inflationary process. For 
references to this effect see Frank Graham, pp. 67 and 
75; James W. Angell, p. 43; Bresciani-Turroni, pp. 
280-81 and 298, For data on the composition of the 
money supply see Statistisches Reichsamt, (1925, 
part VII). 4 

27This condition is derived from a continuous-time. 
model and should be modified when applied to onl 


VOL. 67 NO. 4 FRENKEL: FORWARD EXCHANGE RATE 665 


TABLE 4—Fitrep TIME-SERIES Processes-ARIMA (1, I, 1) 
MONTHLY DaTA: FEBRUARY 1921—-AUGUsT 1923 


Q(12) Q(24) 

Variable ‘Constant AR,” MA, F(2, 28) P P 

log M .027 .984 —.660 22.5 3.4 5.5 
(.060) (.048) (.421) (.91) (.99) 

log Py .206 522 — 898 30.1 7.6 15.8 
(.121) (.188) (.0174) (.48) (.73) 

log P, 031 974 — 521} 34.3 5.6 8.1 
(.058) (.059) (.176) (.70) (.99) 


Note: All three time-series were differenced once to achieve stationarity, and were identified and estimated as 
integrated autoregressive moving average processes of order 1. The Q(K) statistic reports the Box-Pierce test for 
the smallness of the whole set of the sample autocorrelations of lags 1 through K, and its approximate distribu- 
Mon is x? with (K-p-g) degrees of freedom where p and g denote the order of the autoregressive and the moving 
average processes, respectively. The P values (reported below the Q-statistic) are based on the x? distribution. 
Standard errors are in parentheses below each coefficient. 


examine the existence and the direction of 
causality between the two series in the sense 
of C. W. J. Granger. We analyze the nature 
of the interdependence between money and 
prices by following two procedures. The 
first is an application of the Box-Jenkins 
time-series analysis which may be sugges- 
tive of the type of causality, and the second 
is an application of the more formal and 
gigorous procedure suggested by Christo- 
pher Sims. Starting with the Box-Jenkins 
approach I computed first differences of the 
logarithms of money and the two price in- 
dexes so as to achieve stationarity. I then 
estimated the sample autocorrelation func- 
tions for the three processes and identified 
the models as integrated autoregressive 
moving-average processes of order one— 
ARIMA (1,1,1).% The processes were then 
estimated and the maximum likelihood 
parameter estimates are reported in 
Table 4. The reported Q-statistics are con- 
sistent with the hypothesis that the resid- 
uals are not serially correlated and thus that 
the transformations reduced the observed 
data to white noise. In the final stage of the 
analysis I cross-correlated the residuals 
from the fitted time-series for prices (which 


pirical estimates that are based on a discrete-time 
version of the model. See Benjamin Friedman (1975b) 
and Dean Dutton. l 
281t is interesting to note that for the price series for 
which the autoregressive coefficient is unity, the opti- 
al forecast is the adaptive expectations rule. See 
shn F. Muth (1960), and Sargent and Wallace. 


are referred to as the prewhitened price 
series) with the residuals from the fitted 
time-series of money (the prewhitened 
money series).”” 

The basic idea is that these residuals are 
the parts of inflation and money creation 
that cannot be predicted from their own 
history. These are the “innovations” in the 
process and thus, if there is no significant 
correlation between the innovations of 
prices.in period T and those of money in 
period T + K, prices and money will be 
said to be independent of each other in the 
Granger sense. 

The cross-correlations are reported in 
Table 5, and as can be seen we must reject 
the hypothesis that money and prices are 
independent. For both price-series prices 
are correlated with future money one 
month ahead and thus suggesting that 
prices cause money in the Granger sense. 
The cross-correlation approach, however, is 
only valid for testing the hypothesis that 
prices and money are independent. Once 
this hypothesis is rejected, a further ex- 
amination of the nature. of causality re- 
quires a different procedure as the one sug- 
gested by Sims. 

In implementing Sims’ causality test we 
calculate the two-sided distributed lag re- 
gressions. To test the hypothesis that there 


29F or a clear introduction te and applications of the 
Box-Jenkins approach, see Charles Nelson. For an 
application of this procedure, see Edgar Feige and 
Douglas Pearce. l 


666 THE AMERICAN ECONOMIC REVIEW 


SEPTEMBER 1977 


TABLE 5—Cross-CorRRELATION OF PREWHITENED MONEY SERIES (T + K) WITH PREWHITENED Price SERIES (T) 


Lag: 
Lag M 
and —§ -5 —4 -3 —2 ~~} 
Log P, — 02 — 04 —.13 ~ 28 27 ~ 04 
Log Py ~21 24 -.27 - 17 07 AO* 


Note: Significant cross-correlations (which exceed twice the standard error) are indicated by an (*). The residuals that are cross-correlated are com- 


puted from the fitted tzme-series processes in Table 4. 


is no feedback from current inflation to 
future rates of money creation, we regress 
the current rate of inflation on past and on 
current and future rates of money creation. 
Sizable and significant coefficients on future 
rates of money creation lead to a rejection 
of the null hypothesis and permit the infer- 
ence that prices cause money in the Granger 
sense. To test the reverse hypothesis, that 
there is no feedback from current rates of 
monetary expansion to future rates of infla- 
tion, a‘similar procedure is followed with a 
reverse distributed lag, for example, with 
current monetary expansion regressed on 
past, on current, and on future rates of 
inflation. 

The results cf these tests are reported in 
Tables 6 and 7 which contain two regres- 
sions for each price index: one which in- 
cludes future values of the right-hand side 
variables and one which does not. Also 
reported are the F-statistics relevant for 


TABLE 6—INFLATION REGRESSED ON PAST AND FUTURE MONEY CREATION 


f 


6 +1 +2 +3 +4 +5 +6 $.6. 

; i 

49* A3* —.34 03 12 06 oe 07 18 | 
13 50* —.02 —.24 8 —.14 011 18 


testing the hypothesis that the coefficients 
of future values of the right-hand side 
variables are zero. For example, the results 
in Table 6 lead to a rejection of the hy- + 
pothesis that there is no feedback from cui 
rent inflation to future rates of monetary 
expansion since the F-statistics are 13.99 
and 14.44, well above the critical value of 
5.72 (at the 99 percent confidence level). 
On the other hand, from the results in Table 
7, we cannot reject the hypothesis that there 
is no feedback from current rates of mone- 
tary expansion to future rates of inflation 
measured in terms of the wholesale price 
index (the F-statistic is 2.55, well below 
the critical value of 5.72). Moreover, the 
absolute values of the coefficients on futuray 
rates of inflation (in terms of the wholesalé” 
price index) are much smaller than those on 
lagged rates of inflation. As indicated above 
(fn. 25), it seems that for the purpose of 
analyzing government revenue from in- 














MONTHLY DATA: FEBRUARY 1921-AUGUST 1923 ; 


Lags 
Price 
Index Constant —2 -Í 0 
P- .025 —.342 —.416 1.087 
(.017) (.246) (.378) (.332) 
043 .032 —.676 1.567 
£031) (.291) (.388) (.222) 
F = 13.99 . 
Py .051 —.486 ~— A417 335 
(.027) (.353) (.521) (.466) 
086 354 —1.513 1.950 
(.042) (427) (.565) (.322) 
F = 14,44 


+i +2 . se R? Dw. p j 
1.049 ~ 350 .083 .906 1.82 —.391 
(.238) (.064) 

.120 .785 1.92 —.052 
1.866 ~ 405 .120 847 2.03 — 237 
(.347) (093) 

175 645 2.05 —.119 


Note: Pe = cost of living index; P,, = wholesale price index; standard errors are in parentheses below each coeffi- 
cient; p is the final value of the autocorrelation coefficient. The F-statistic corresponds to the null hypothesis that ` 
there is no feedback from current inflation to future rates of monetary creation. Critical values for F(2, 24) are 3 Abi p 


(95 percent) and 5.72 (99 percent). 


ransana 
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TABLE 7~-MONEY CREATION REGRESSED ON PAST AND FUTURE INFLATION 
MONTHLY DATA: FEBRUARY 1921-AuGuUsT 1923 


Lags 
Pr ice a aaa 
Index Constant “> al 0 1 4:2 s.e. R? Dw. p 
P, —.024 ~ 050 407 339 056 067 034 975 187 772 
(.037) (.043) (038)  (.036) (.031)  (.024) 
406 — 004 398 349 045 954 1.56 978 
(.341) (054) (049 (045) 
F = 9.55 l 
P, —.009 .128 371 231 056 044 050 948 1.53 812 
l (.062) (.049) (048) (.043) (040) (030 
235 128 369 219 053 936 162 964 
p (.261) (.049) (043) (044) 
F = 2.55 


Note: P, = cost of living index; P,, = wholesale price index; standard errors are in parentheses below each coeffi- 
cient; p is the final value of the autocorrelation coefficient. The F-statistic corresponds to the null hypothesis that 
there is no feedback from current rates of monetary creation to future rates of inflation. Critical values for 


FQ, 24) are 3.44 (95 percent) and 5.72 (99 percent). 


flationary finance the relevant price deflator 
is the wholesale price index for which the 
inference from Tables 6 and 7 is that dur- 
ing that period prices caused money while 
money did not cause prices in the Granger 
sense.’ When inflation is measured in terms 
Mf the cost of living index, the results in 
Table 7 reject the hypothesis that there is no 
feedback from current rates of monetary 
expansion to future rates of inflation. 
Rather, they indicate a two-way causality: 
inflation influenced subsequent rates of 
money creation which in turn influenced 
subsequent inflation. 

The analysis in this section provides in- 
sight into the determinants of the money 
supply process. The results concerning the 
interrelationship between money and prices 
‘emphasize the endogeneity of the money 
supply and are consistent with the hy- 
pothesis that the source of the hyperinfia- 
tion, and of the accelerated rate of money 
expansion, was the desire (on the part of 
the government) to extract real resources at 
a rate that could not have been sustained 


30These results are in accord with those of Sargent 
and Wallace. For a further elaboration on causality 
tests during that period see the studies by Protopapa- 
dakis and by Salemi; for an analysis of the concept of 
exogeneity see Sargent (1976). The causality tests and 
kthe application of time-series analysis are discussed by 
“Zellner (1975). 


without a continuously accelerated infia- 
tion. 


IV. Concluding Remarks 


The lack of an observable variable mea- 
suring expectations has been a major dif- 
ficulty in empirical work and has led to the 
development of various theories of the for- 
mation of expectations. In this paper I have 
suggested a direct measure of expectations 
that is based on observed data from the 
forward market for foreign exchange. After 
examining some of the efficiency properties 
of the market for foreign exchange, I have 
used this measure of expectations in esti- 
mating the demand for money and analyz- 
ing the proper price deflator during the 
German hyperinflation. The resultant esti- 
mates were shown to remain stable through- 
out the various phases of the hyperinfla- 
tion. I then proceeded to analyze the 
money supply process and to examine the 
nature of the interdependence between 
money and prices. 

Rather than summarizing the results re- 


: ported in previous sections, I wish to high- 


light some of the issues raised by the analy- 
sis. The first concerns the role of the market 
for foreign exchange. Using data from that 
market as the basis for inference on expec- 
tations reflects the belief that even during 
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turbulent periods the foreign exchange mar- 
ket remains remarkably. efficient.” Further- 
more, the emphasis on the foreign exchange 
market highlights the question of what are 
the relevant variables measuring the antici- 
pated cost of holding money in an open 
economy with flexible exchange rates. To 
the extent that domestic money is held as a 
substitute for foreign exchange, the specifi- 
cation of the demand for money should 
include the anticipated change in the ex- 
change rate as measured by the forward 
premium (or discount) on foreign exchange. 
The evidence from the German hyperinfla- 
tion illustrates the substitutability between 
foreign exchange and domestic money. The 
accelerated inflation resulted in a gradual 
replacement of domestic money by foreign 

exchange in performing the traditional roles 
of money as a unit of account, as a store of 
value, and as a medium of exchange.” 


3!In principle, if bonds were the relevant substitute 
for domestic money holdings and if the bond market 
were to operate efficiently during such a turbulent 
period, we could have used interest rates in estimating 
the demand for money. However, all available interest 
series were extremely stable up to mid-1922 and were 
clearly much too low to make any sense. The only 
series that shows some variations of interest rates is 
that of the day-to-cay rates reported in James Angell, 
pp. 370-71. Howevzr, even these rates seem to be too 
low. When these rates were included in the estimation 
of the demand for money, their coefficients did not 
differ significantly from zero. 

32For a description of the increasing role of foreign 
exchange see Graham, pp. 73-74. For the role of ex- 
change rates in price setting behavior, see Gustav 
Stolper as reprinted in Fritz Ringer, p; 80. For a dis- 
cussion of the role of exchange rates in wage setting 
behavior see Bresciani-Turroni, p. 310. Contemporary 
newspaper descriptions provide a vivid illustration of 
the increasing role of foreign exchange; for example, 
‘the Daily Mail of August 1923 wrote: “The mark is 
becoming the slave of the dollar. We have marks in 
our pockets Fut dollars in our heads.” For this and 
other newspaper quotations see Norman Angell, ch. 8. 
Further evidence on the extent of replacement of 
domestic morey by foreign exchange are reported in 


John Parke Young, pp. 402 and 538, according to’ 


which the value of foreign bank notes held in Germany 
at the end of 1923 emounted to about 1,200,000,000 
gold marks while the gold value of total Reichsbank 
circulation amounted to only 112,100,000. The extent 
of the substitution resulted in numerous attempts to 
protect German money by legislating various controls 
on foreign exchange; for an account of this legislation 
see Statistisches Reichsamt (1924, pp. 69-70). 
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. The second issue concerns government 
revenue from inflationary finance and the ‘ 
endogeneity of the money supply. My 
analysis implies that to understand the 
economics of inflation one needs to ex- 
amine the characteristics and determinants 
of the money supply process rather than 
concentrate exclusively on the properties of 
the demand. 

Finally, in concluding the paper, it 
should be noted that while this study dealt 
with the German hyperinflation, it is be- 
lieved that the main issues raised by the 
analysis are also applicable to less extremcey 
and more typical inflationary processes. 
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Budget Displacement Effects 


of Inflationary Finance 


By JERRY GREEN AND EYTAN SHESHINSKI* 


When inflation is caused by an increase 
in the rate of issuance of real money bal- 
ances, less recourse to other sources of gov- 
ernment revenue is necessary. This policy 
will therefore influence the equilibrium 
esrowth path through both the induced ad- 
‘ditional capital losses that individuals bear 
on their money balances and the necessary 
changes in fiscal policy required to balance 
the government budget. Though the first of 
these effects has received wide treatment in 
the literature, the second has been largely 
neglected. 

We analyze this issue through a variety of 
simple monetary growth models, using al- 
ternative specifications of the government 
budget relation and individual savings func- 
tions. The central conclusion of all of these 
‚models is the tendency for inflation to in- 
crease capital intensity in the absence of 
any effects on portfolio proportions or the 
savings rate induced by changes in interest 
rates. We also present some numerical re- 
sults for these models using parameters re- 
lated to the current U.S. situation. Typi- 
cally, a 1 percent increase in the permanent 
rate of inflation will produce a capital stock 
that is 2-4 percent larger. 

The following symbols will be used: 


"Tax Parameters: 
Ti = corporate tax rate on real profits 
T2 = corporate tax rate on inflation in- 
duced profits 
7 = corporate tax rate (used when 7, 
= T, 1S assumed) 


*Harvard University, supported by National Sci- 
ence Foundation Grant SOC71-03803; and Hebrew 
University of Jerusalem, supported by National Sci- 
ence Foundation Grant SOC74-11446 at the Institute 
for Mathematical Studies in the Social Sciences, Stan- 
ford University. We are grateful to Robert King and 
he managing editor of this Review for helpful com- 
ments and important corrections. 


tax rate on labor income 
total real taxes collected, per 
capita 


P 
T 


Rates and Proportions 
n = population growth rate 


y = government budget as proportion 
of real output per capita 
o = savings rate out of disposable 
income 
A = fraction of wealth held in money 
balances 
Commodities 


Y,F = total national income (F is used 
as function of capital and popu- 
lation) 

K = total real capital stock 
N = total population 

y, f = per capita national income (f is 
used as function of capital per 
capita) 


A = per capita real capital stock 
m = per capita real money balances 
l = per capita real government bonds 
e = per capita government real ex- 
penditures 
d = per capita disposable income 
Prices 
i = nominal interest rate 
a = rate of inflation 
r = real interest rate, real before tax 
return to capital 
w = real wage 
P = price of output 
W = nominal wage 


J. Introduction 
A. Models of Taxation and Inflation 


The literature of monetary growth theory 
has been consistently concerned with the ef- 
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fects of inflation on long-run economic 
equilibrium. Nonmonetary one-sector mod- 
els' have been extended to treat the case in 
which governments use lump sum taxation 
and inflationary monetary policy to finance 
- their expendizures.” In these models, infla- 
tion influences capital accumulation by 
changing the desired composition of port- 
folios as the rates of return to holding 
monetary and nonmonetarv assets diverge. 
Recently, Martin Feldstein has generalized 
these models to include other types of 
taxation and a savings behavior derivable 
from the life cycle hypothesis. 

He sets up a full-employment model of 
the standard type in which there is a single 
good, and money is the only nonphysical 
asset. Competitive behavior is assumed 
throughout. Labor grows at a constant rate 
n, and is supplied inelastically. Production 
is assumed to be in accordance with a neo- 
classical constant returns to scale tech- 
nology. The corporate tax enters the profit- 
maximization calculus as follows, 

A firm that is employing N units of labor 
at wage rate W, and K units of capital pro- 
duces a flow Y = F(N,K) of output, mea- 
sured in the same units as capital. All capi- 
tal is financed by debt denominated in 
monetary units, which pays a nominal in- 
terest rate i. Let P be the price of output. 
Therefore, at any instant of time, the firm’s 
nominal cash flow is equal to PY — WN — 
iPK. In addition, the stock of capital, which 
is assumed not to depreciate, is increasing in 
nominal value at the rate of price increase 
x. These two components of profit can be 
taxed at different rates: 7, for cash flow and 
7, — 72 for the inflationary inventory Te- 
valuation.” Therefore, after-tax profit is 


(1) (PF(N,K) — WN — iPKX(l — 7) 
+ GPK — 1 + 7) 
Defining the real wage as w = W/P, we 


\See Robert Solow. 

2See James Tobin, David Levhari and Don Patin- 
kin, Duncan Foley and Miguel Sidrauski, and Jerome 
Stein. 

3Feldstein writes net profit as (= 71) - wh) - 
(1 — ri)rk — (1 — ri)rk + 427k inventory profit, This 
is equivalent to our formulation. 
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have that maximal profit is attained when : 


(2) Fy = 
(3) Fe - DU - 1) + el — 1 +m) = 0 


Using the assumption of constant returns 
to scale, and letting f = F/N and k = K IN, 
we have 


(4) f- kf’ =w 


; l-7 ı + cae 

- + RAR fA S 

E Ee : 
Feldstein examines the dependence of the 
steady state on the two components of the 
tax rate. To simplify the analysis and help 
us focus on some: other issues, we will as- 

sume that the nominal capital gains are un- , 

taxed. Thus 7; = 7, and (dropping the sub- : 

Í i 

| 


script on 7) 





(6) a E 


Corporate after-tax profits in the competi- 
tive equilibrium are therefore x 


(7) > (f-w-— ik) — 7) + rk 


which is equal to zero, using (4) and (5), as | 
one would expect by the constant returns 
postulate. However, it is interesting to note 
that before tax, the profits 


(8) f-—w— ik + wrk 


are negative. They are, in fact, 


(9) 70k 
l-r 

o A 
which is the subsidy received by firms be- | 
cause the “taxable” component of “profit,” 
f— w — ik, is actually a loss. 

Personal income in the Feldstein model 
exceeds total product by exactly the amount 
of these losses. It is w + rk on a per capita 
basis. Individuals are assumed to hold 
money according to the relation 


(10) m = Ak 


where m is the real money stock per capita. ‘ 

Feldstein assumed that A varies with the. 

real interest rate. ' 
The government is assumed to spend a 
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fixed proportion y of real output. The total 
government budget is therefore 


trk 


Vas 
— T 


since firms must be subsidized from gen- 
eral revenues. The sources of these revenues 
are a personal interest income tax,’ a lump 
sum tax, and inflationary finance. Thus the 
government’s budget equation is” 


is afar an +(x +n)m 
since inflation is caused by the issuance of 
real money balances in excess of the rate of 
population growth in the steady state. 

Real disposable income is personal in- 
come net of tax minus the losses on money 
holdings due to inflation, mm. This is 


(12) (1 — y) f+ mn 


It is assumed that a fraction, o, of this is 
saved and invested according to (10) in the 
two assets. Feldstein allowed g to depend in 
peoeneral way on the real net interest rate. 
© The steady-state equation is 


(13) o (Cl - y)f + nAk) = ni + A)k 


It is important to note that r and x affect 
the steady-state value of k only through the 
values of g and A which depend on the net 
rates of return. Therefore, as Feldstein de- 
rives, the effects of changes in inflation on 
the steady-state capital intensity and real 
money balances occur only because savings 
and liquidity preference are interest re- 
sponsive to these parameters. His analysis 
suggests that the effects of savings are 
likely to dominate those of liquidity pref- 
erence since the latter operate only through 
money holdings which empirically form a 
small proportion of total wealth. 

With o = .1, m = .05, A = 1/40, y = 
.24, n = .O1, and a Cobb-Douglas technol- 
ogy with capital’s share at .26, the equi- 
librium is characterized by a real rate of 


49, and 62 in Feldstein. 

5Here T is total personal taxes. Feldstein’s T is net 
gaes inclusive of subsidies to firms. But he wrote 
‘personal income directly as f — T, which is w + rk — T 
in our notation, 
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interest of 3.28 percent. At r = .5 total 
personal tax collections are 60 percent of 
total output, although real government ex- 
penditures are only 24 percent. The differ- 
ence consists of 38 percent of total output, 
representing subsidies to firms minus 20 
percent of output which is inflationary 
finance, 

In the absence of savings or portfolio 
sensitivity to interest rates, k will be a con- 
stant. The change in lump sum taxation 
with respect to the inflation rate can be seen 
from (11) to be 


dT Tk 
14 —— = 
ou) dr l-r 


At a 50 percent corporate tax rate which 
corresponds to the current U.S. situation, 
and with A = 1/40, this is clearly positive. 
Thus rather than acting as a substitute for 
other sources of government revenues, in- 
flationary finance creates the need for 
higher personal taxes! 

However, higher inflation rates increase 
pretax personal income because of the 
higher level of i given by (6). But it is never- 
theless true that tax collections take an in- 
creasing share of personal income net of in- 
flationary capital losses. At r = .5 we have 
equation (15). Since A = 1/40, n = .01, 
and y < .5, the derivative in (15) is clearly 
positive. 

Because these effects of inflation on taxa- 
tion are somewhat perverse, we are led to 
study models in which the revenue-generat- 
ing aspect of inflationary finance can be 
separated from its other impacts. In these 
models it will be seen that inflation is not 
neutral even when savings and portfolio ef- 
fects are neglected. We introduce the pos- 
sibility of government borrowing and taxa- 
tion on all forms of income at constant 
marginal rates, instead of lump sum per- 
sonal taxation and interest income taxes 
only. 

Section IB considers a model directly 
analogous to Feldstein’s in which the sav- 
ings base is broadened to include real gov- 
ernment expenditures net of subsidies to 
firms, and in which total government 
spending rather than net expenditures only 
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(15) W — IK — Wri = 


dr 


f — 2y — ACL — y)) + rk(l — A) + (2 — A(x — A(r + n)) 


are held at a fixed fraction of total output. 
We show that this model has all of the 
qualitative properties of Feldstein’s model. 

Section H treats the two possibilities that 
the savings base can be broadened without 
changing the government expenditure rule, 
and vice versa. These models still have the 
feature that lump sum taxation is used to 
balance the zovernment budget. They are 
not exactly symmetric in their properties. 
These differences are explored, and the 
magnitudes of the inflationary effects are 
studied using numerical examples with rea- 
sonable parameter values. 

In Section II we treat a variety of models 
in which government borrowing replaces 
lump sum taxation. The results of these are 
compared, both analytically and numeri- 
cally. Under reasonable hypotheses about 
the parameters of the system, inflation will 
tend to increase capital intensity and de- 
crease the steady-state value of government 
debt per capita in the absence of life cycle 
savings variation or changes in liquidity 
preference. 

In Section IV we study a model in which 
firms hold money. Section V covers a model 
with neither borrowing nor lump sum taxa- 
tion, in which the rate of inflation is endog- 
enously determined by the tax and spending 
parameters. 


B. A Broader Savings Base and 
Proportionality of Total Government 
Spending to Output 


If real government purchases are used to 
provide private goods on a public basis, we 
might expect that savings out of net dis- 
posable income will respond positively to 
this activity. The simplest hypothesis is that 
real government purchases are perfectly 
substitutable for net disposable income in 
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(w + ik — xmy 


the savings base, and that the fraction of 
their sum saved is a constant. 

Total government spending is divided 
into real purchases e, and subsidies to firms 
txk/(1 — 7). The sum of these is a fixe 
fraction of real output. The governménc 
budget equation is therefore 





T igk=T+(n+n)m 





(16) Ye Sea 


aS 
The savings base can be written as 


(17) d+e=w+rk - xm —T 


wk + nm 


li 





With Ses 
l-r 


(using (16)) 
f+nAk (using (10), E 
_ Therefore the condition for a steady state 
iS 
(18) o(f + nAk) = n(l + A)k 


Hence, when o and A are constant, as we 
shall be supposing throughout, k is in- 
dependent of both the rate of inflation and 
corporate taxation. 

Equation (18) is not exactly the same as 
(13). However, due to the broader savings 
base we might expect o to be lower in this 
case. Since savings are about 10 percent of 
disposable income, the comparable figure is' 
7.8 percent of disposable income plus gov- 
ernment purchases. Using the other param- 
eters as given in Section IA above, the 
equilibrium level of the capital stock is 
consistent with a real rate of interest of 
3.28 percent. At a zero-corporate tax rate, 
the share of the savings base attributable 
to government spending is 24 percent. As 7 
rises, firms’ losses increase and therefore 
the share of total government revenues go- 
ing into real purchases falls. Since the say 
ings base is constant this change induces an 


i 
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increase in real disposable income. Personal 
interest income is rising since r increases 
with r and all other components of dis- 
posable income depend only on k, which is 
a constant, 


II. Budget Displacement Effects with 
Lump Sum Taxation 


A. Government Purchases Proportional to 
Output-Broad Savings Base 


In the models of the last section it was 
Bown that inflation could not affect capital 
intensity, even in the presence of cor- 
porate taxation, unless savings or liquid- 
ity preference depend on the rate of return. 
This 1s due to the fact that the savings base 
is independent of the rate of inflation and 
that steady-state capital intensity is deter- 
mined completely by the equality of savings 
and investment. In Feldstein’s model, sav- 
ings depend on real output plus the rate of 
increase in the real money stock minus real 

overnment expenditures. In our model 
ith a broader base, the last term is omitted 
and one would expect a correspondingly 
lower average savings rate. The indepen- 
dence of the savings base in both models is 
due to the compensating changes in lump 
sum taxation. 

In the first case, an increase in the rate 
of inflation increases losses made by firms, 
which are subsidized through higher lump 
sum taxes. However, perceived personal in- 
terest income increases by exactly the in- 
crease in taxation plus inflationary losses 
‘on real money balances, since the real rate 
of interest on the fixed capital stock in- 
creases by more than the rate of inflation. 
In the second case the gain in personal in- 
terest income is offset instead by the fall in 
real government expenditures, which are 
assumed to be a perfect substitute in the 
savings base. The level of taxation neces- 
sary to maintain a balanced budget is a con- 
stant. One can then see that by using a 
definition of the savings base that is com- 
patible with the government’s expenditure 
rule, the independence property. would be 
maintained. 
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Therefore, one is led to consider other 
cases. For example, we could include gov- 
ernment expenditure in the savings base, 
and assume that they are a constant frac- 
tion of real output. That is, we use Feld- 
stein’s specification of the government bud- 
get equation, but enlarge the savings base 
as in the second model of Section I. 

Here, disposable income is defined by 


(19) d=w+rk—«am—T 


and the government’s budget equation is 
(20) 
yy le a T +(x +n)m- 





5 
wk 
— T 


With a savings base of d + e, the steady- 
state equation becomes 


(21) 
ow + rk + mn- 





£ rk] = n(m + k) 
L-T 

Using the relations for the firm’s equilib- 
rium (4) and (6) and the liquidity preference 
relation (10), this becomes 


(22) o( f(k) + nAk) = nk(1 + A) 


which is identical to the equilibrium condi- 
tion in the second model of Section I. 

This reflects the fact that real government 
expenditures are equal to taxes plus infla- 
tionary finance minus subsidies to firms in 
both cases. The broader savings base with 
complete substitutability between govern- 
ment and personal disposable income re- 
moves the influence of the government ex- 
penditures on savings. 


B. Government Budget Proportional to 
Output-Narrow Savings Base 


However, the situation would be markedly 
different if we were to take the narrower 
savings base of Feldstein’s paper together 
with a government budget equation in 
which total expenditures, including sub- 
sidies to firms, are proportional to real 
output. 

The government’s budget equation is 
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(23) yy = 


which, when combined with (14), (16), and 
(10), gives the steady-state relation 


T + (m + n)m 


(24) o ( =- Y) f + Tk + nAk 





E- n(l + A)k 


ad, as long as the corporate tax rate 
is diffèrent from zero, the rate of inflation 
will affect the real. variables in the steady 
state: A higher rate of inflation will decrease 
the level of lump sum taxes necessary to bal- 
ancethe budget at the same level, the mag- 
nitude of this effect being exactly equal to 
the inflationary finance created. Disposable 
income is therefore increased by exactly the 
increase in personal interest income as can 
be seen from the above remarks and equa- 
tion (193. Savings increase because of this, 
although real government purchases are 
lower. The new equilibrium will therefore 
occur at a higher level of capital per head, 
and a higher real output. On the other 
hand, since the share of output going to 
government expenditures falls, no firm wel- 
fare conclusions can be drawn without a 
specification of individuals’ tastes for alter- 
native forms of income. 

This can be seen from differentiating (24) 
to obtain 


dk —oTk 
25) ak _ 
(23) dr l-7 
í i 


ba- WS F 





T +ont —n(i + A) 


Combined with the equilibrium condition, 
this is 


~ dk — Tk l 
(26) Æ- EE Lae 
dr ž i-r , Sf 
a-r- E) 


which is positive by the concavity of f. 

Differentiating (19) and using (26), it is 
easy to see that the steady-state aggregate 
consumption level will be increased. Differ- 
entiating (20) it can be shown that 
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(27) | 4 
de tk ek 

adr (l= y)(i - 7) r- £)) 
l k 


which can have either sign. Initial forces 
tend to decrease e but if the elasticity of 
output with respect to input is sufficiently 
small, the resulting increase in k may offset 
the budget displacement effect. Even in this 
case, however, welfare is not necessarily im- 
proved in the new steady state because the 
intergenerational distribution of output E 
altered due to changes in the real rate $7, 
interest. 

Using a Cobb-Douglas production func- 
tion with capitals share set at .25 and 
parameter values of g = 1, y = .24, m = 
05, 7 = .5, A = .025 (which roughly corre- 
spond to the current U.S. experience), the 
change in the capital-labor ratio induced by 
a l percent increase in the inflation rate can | 
be computed from (26) to be 15.4 percent | 
of its previous equilibrium value. The 
change in the real rate of interest is given 








ed Zep, 4 
dr l-r 
which is 0.8 percent per | percent increase | 
in r. This should be compared with the com- 
parable expression obtained by” Feldstein, 
which yields a 1 percent increase (in the 
absence of savings and portfolio effects) for 
the same parameter values. The budget dis- 
placement effect therefore mitigates the y 





duced increase in the real interest rat 

found by Feldstein. If, however, govern 

ment. follows a policy through which real | 
purchases are not decreased to the full ex- 
tent of the additional subsidy required for 
firms, this effect will be correspondingly 
smaller. In any case it is likely to be much 
larger than a pure liquidity preference effect 
(see Tobin), which is probably less than 
0.01 percent. 

In the models of this section changes in 
the rate of inflation will not effect any real 
variables in the absence of corporate taxa- í 
tion. This is because disposable inco måg 
varies only due to changes in the real rate of 
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jinterest, which remains unaffected without 
corporate taxation. Lump sum taxation off- 
sets the losses on real money balances due 
to the increased inflation. It is therefore of 
interest to study such models in cases where 
the government issues debt, rather than 
changes taxes, to balance the budget when 
the rate of-inflation is altered. The private 
sector then bears the burden of inflationary 
finance immediately. Only over time will 
these forces cause a compensating change 
in disposable income through the effect of 
pdebt service costs in the government bud- 
‘get. Introducing an additional asset in this 
way allows us to study models in which 


monetary policy can be analyzed without — 


making other compensating changes in the 
government’s actions. This is the topic of 
the next section. 


IHI. Budget Displacement Effects with 
Public Debt 


A. Government Purchases Proportional 
to Real Output 


+ In this section we study models in which 
public debt is a perfect substitute for the 
obligations of firms in individual’s port- 
folios. We neglect corporate taxation for 
simplicity. We will demonstrate that the 
real economic variables of the system are 
affected by inflation, even in the absence of 
a corporate tax—which was not the case in 
the previous models studied. 

We assume that the government taxes 
wage income and interest income from both 
corporate and public debt at the same rate, 
p. Let / represent the real value of the stock 
government debt per capita, and Z be the 
rate of issuance of new government debt at 
any instant of time, denominated in units 
of money. 

In the presence of inflation the real value 
of government debt held by any individual 
is falling at any instant of time. We assume 
in this section that the tax laws allow a full 
deduction of these losses. Since individuals 


p We have also recomputed our results under the 
assumption that these losses can be deducted from the 
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regard corporate and public debt as perfect 
substitutes, the rate of return on these as- 
sets is equal. Disposable income is iere 
fore 


(29) d= [werk + DIC — p} — am 


Maintaining the spirit of the portfolio 
condition of previous sections, we assume 


(30) m= A-(1 +k) 


where A is a constant. 

If we suppose that the government pur- 
chases a constant share of real output, the 
government’s budget equation Is 


Gl) vy = p(w + r(k+ D- (r+ 7r) 


„iM 

t PN” PN 
The first term on the right-hand side is real 
tax collections, noting that a loss-offset on 
both types of debt is allowed. The second 
term is the real debt-service paid by the 
government. The rate of interest is the real 
rate plus the rate of inflation. The fall-in the 
value of government debt allows further 
borrowing at every instant, to keep the real 
stock of debt per capita constant. The final 
two terms are the real values of currently 
issued bonds and outside money. 

In the steady state 


H+ Lae 


M 

so that the real levels of debt and money 
are constant in per capita terms. Substitut- 
ing these relations in (31) we have 


6) == 


(33) yy =p(wtrlk+))-(r +m)! 
+ (m +a + (r + DA + k) 

or 

(34) yy = p(w + rk) — ((1 — p)r — n)l 


+ (r + nA + k) 


In the absence of corporate taxation or 
subsidization, firms will borrow up to the 


tax base. This lowers the steady-state capital-labor 


ratio, but has no significant once: on the compara- 
tive statics of the system. 
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point where 

(35) f(A) =r 

and will hire abor as before, so that 
(36) f(k) — kf'(k) = w 


Therefore, the government’s budget equa- 
tion becomes 


(37) yr = gy - (UA — p)r—- nl 
+ in + mA + k) 


Together with the steady-state condition 


(38) nO + AU +k) 
= o:[w + r(k + D (1 — p) — rm} 


This determines the behavior of the steady 
states of this system as the rate of inflation 
is varied, 

Unfortunately this system is likely to be 
unstable for typical values of the param- 
eters, although a complete analysis would 
require a specification of nonsteady-state 
behavior in the commodity and asset mar- 
kets in the presence of inflation, which is 
beyond the scope of this paper. The poten- 
tial for instability can be seen as follows: 
The initial increase in r causes the issuance 
of new bonds L to fall, as can be seen from 
(31), since at that instant both budget and 
debt service l2vels are fixed by the histori- 
cally given stocks. The magnitude of this 
decrease is | percent of the nominal money 
stock for eaca percent of additional infla- 
tion. Nominal disposable income goes 


down by 1 percent of the nominal money 


stock, which can be verified by multiplying 
(29) by the price level. Savings decrease by 
less than this. since ø < 1. Since the gov- 
ernment supplies bonds inelastically at the 
market rate of interest, the fall in supply is 
greater than that in total savings so that the 
quantity of real output channeled into capi- 
tal formation initially increases with the 
higher inflation rate. On the other hand, 
the budget equation (37) can be rewritten 
as 
(39) 0 = (p — y) f(A) 
—{(l—p)r-~n-(r+nAyl 
+ (x + n)Ak 
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from which we see that if the coefficient o 

lis positive, a higher value of debt will have* 
to be maintained at each level of capital in-: 
tensity to balance the budget when inflation: 
increases. Moreover, since the system be-i 
gins to accumulate capital at a higher rate 
when population is growing, instability will 
surely result whenever p > y as well. This 
condition is equivalent to the fact that debt 
service net of taxes is greater than the level 
of deficit finance. The current U.S. data 
do not give direct evidence on this matter 
but it must be remembered that the defies, 
should be calculated on a full-employment 
basis in a steady-state situation. Taking this 
into account, the indicated inequality is 
almost surely valid. The coefficient of /, 
(i — p)r—n — (a + n)A, is positive in any 
steady state with relatively moderate infia- 
tion and a savings propensity 10 or 15 times 
the rate of population growth. For these 
reasons, due to the instability of the system 
we believe that the comparative statics of 
this case are likely to be misleading. We 
will therefore concentrate on an alternative. 
specification of the government budg 
equation related to that studied previously. 


























B. Budget Proportional to Real 
Output-Broad Savings Base 


We will assume that instead of control- 
ling purchases of real output, the govern- 
ment policy is to keep total spending, in- 
cluding net debt service, at a constant 
proportion of national product. Specifi- 
cally, letting e represent government pur; 
chases of output per capita we have A 


(40) yy=e+(l-— prl 

= pf + nl + (m + DA + k) 
We will assume further that savings are pro- | 
portional to disposable income plus govern- 
ment purchases of real output. Thus the 


steady-state condition becomes (using (29), 
(36), (38), and (40)) 


(41) nil + kU + AD = old + e) à 
= o(f+ nl + n(l + bA 


This savings assumption is compatible with 
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A(l + k)(n — f/k) 
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(42) cg pee Ca 2 
| dx n(f' = fI p + y) 
(43) 


dr 


the inclusion of net debt service in the gov- 
ernment budget relation. The case of a nar- 
rower savings base will be treated later in 
this section. 

Differentiating totally with respect -to 
z, dl, and k, and substituting the solutions 
of the equilibrium equations, we obtain 
(42) and (43). The denominators are nega- 
tive by the concavity of the production 
function. The numerator of (42) is negative 
and that of (43) wili be negative provided 
that 


(44) 


which is assured in the steady state of a 
Solow-type one-sector model and is valid 
for our typical parameter values as well. 

For example, using the parameters of 

ction II,’ taking a Cobb-Douglas produc- 
tion function with capital’s share equal to 
25,0 = .078, y = .24, r = 05, A = .025, 
and assuring further that p = .22 (instead 
of the lump sum taxation of Section H), we 
can calculate that the steady state is.char- 
acterized by an interest rate of 3.6 percent. 

When the inflation rate increases by | 
percent, the equilibrium level of the real 
capital stock increases by 3.44 percent 
(using (42)) and the equilibrium level of 
real bond holdings decreases by 0.4 percent 
{using (43)). This change in the capital 
stock reduces the equilibrium interest rate 
by 0.01 percent. 

These are in contrast to the model of the 
end of Section I which was identical except 
for the presence of lump sum taxes instead 


n> of! 


7We have assumed o = .078 to maintain compara- 
bility with other sections. We have also assumed 


d 1.508 | 
fie ioe S 





so that 


y d. narrow as 


dl AU + kP(o(f' + nL) — nl + L)) 
no(f’ — f/k)kQ — p + 7) 


of bond sales in the government budget 
equation. There we found no influence of 
inflation on the steady-state real variables, 
and an equilibrium real interest rate of 3.28 


percent. Thus the real capital stock in a 


model with lump sum taxation under the 
budgetary and savings assumption we are 
using is equivalent to that in a model with 
debt finance under a much higher inflation 
rate. 


C. Budget Proportional to Real 
Output—Narrow Savings Base 


Section IIB discussed a model compara- 
ble to that of Section IA, in the sense that 
the savings base and the government’s bud- 
get equation were the same, but gdovern- 
ment debt replaced lump sum taxes as the 
residual variable in the budget equation. 
In this part we analyze a model with the 
same budget specifications, but disposable 
income is now the only component of the 
savings base. Disposable income 1s defined 
as in (29) so that with total savings equal 
to o times this, the steady-state equation is 


(45) nl + A) +k) = oll- of 
+ (1 — p)f'l — TA(l + k) 


We repeat the government’s budget equa- 
tion for convenience: 


0 = (p — y)f + ni + (r + n)All + k) 


Differentiating this system totally and 
substituting the equilibrium expressions 
obtained by eliminating / from the govern- 
ment budget equation and using (45), we 
obtain (46) and (47). 


dk 


S= = [AU + kf] + 


(Cf! — f/k)k(on — f'e — Y) 
+f"ki(n — f(e = y)/k)| 


(46) 


_ 
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OE eM T |- j 
dr p 





(47) = 


+ (ost) pssuls 
Lee. p 


[U] — f/k)k(on — f'e — Y) 
+ f"ki(n — flo = ¥)/k)) 


The denominator can be shown to be 
negative whenever 


(48) y>p 


Even if this were violated, the negativity 
would be preserved unless o were unrealis- 
tically low. Thus dk/dmr < O under our as- 
sumptions. 

The numerator of (47) will be- positive 
under the same conditions provided 


(49) 


which is surely valid for economies in which 
we are interesced. Therefore dl/dr < 0. 

Using. for illustrative purposes, the same 
parameters as those taken in Section -II IB, 
we find that the equilibrium capital-labor 
ratio prcduces a real rate of interest of 3.6 
percent and the equilibrium ratio of real 
capital to holdings of government bonds is 
8.2:1. The value of dk/dx is —6.9 percent 
per l percent increase in the inflation rate. 
Real bond holdings decrease by 10.2 per- 
cent of their equilibrium value per | percent 
increase in inflation. This means that the 
real interest rate will respond to a | percent 
increase in inflation by rising .2 percent. 

Comparing this to the model at the end 
of Section II, which was identical except for 
the presence cf lump sum taxation instead 
of government borrowing, we see that the 
equilibrium interest rate is much higher 
here due to the fact that some wealth is 
channeled away from real capital forma- 
tion. The former model had an interest rate 
of 1.7 perceni at a corporate tax rate of 
50 percent. At a zero-corporate tax rate the 
former model would have had an interest 
rate of 3.3 percent. Here the equilibrium in- 
terest rate is 3.6 percent. 

These figures can be explained as follows: 
since firms make losses in the presence of 
corporate taxétion, a lower tax rate induces 
lower subsidies at each fixed rate of infla- 


n> af! 


| 
| 
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tion. The loss of these subsidies forces some 
firms out of business reducing the capital 
stock. Moreover, in the presence of debt 
finance, part of wealth (about 1/9 with 
these parameters) ts held in this form, 
further reducing the equilibrium stock of | 
productive capital. | 


IV. A Model with Firms Holding Money 


One of the most striking disparities be- 
tween the monetary growth models pre- 
sented above and the real world is the fact 
that most money is in reality held by firmi 
We will show that the basic results of these 
models are preserved in a model analogous 
to that of Section Ile, with such a modi- | 
fication. The simplest assumption parallel- | 
ing that used above is that firms must keep 
real money balances proportional to capital 
according to 


(50) m= Ak 


and individuals hold government debt, on 
which a full offset for inflation produced 
capital losses is allowed. We will use a. 
narrow savings base—but the results wou® | 
be essentially unchanged with the wide base 
and corresponding modifications in the lev- 
els of the assumed parameters. For sim- 
plicity, and to isolate the effects of the 
change in the ownership of money balances 
on the system, we will assume no corporate 
taxation. 

The rate of inflation affects firms’ choices | 
of capital intensity through the fact that | 
capital losses on real money balances are 
causing them to economize on money ang 
hence on capital, which is a complementary | 
input. In fact, one can regard these losses 
as a type of depreciation since the tech- , 
nological justification for (50) is presum- | 
ably a production function of the form y = | 
f(min(maA, k)). 

Firms’ profits are given by 


(51) y-w-(U + Ai- wk 


in per capita terms. The first-order condi- 
a a e t 
tion for a maximum is 


(52) f'=r+A)+arA 


We assume that the government budget”? 
is proportional to (y — wAk), which yields 


i 











+ 
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K53) YO - TAk) = 
E + nl + (rt + n)Ak 


The justification for this is that the net out- 
put of the economy is really the gross out- 
put y minus the real savings channeled into 
money that would be necessary to maintain 
a constant output level—recall the techno- 
logical specification made above. This 
parallels the budget justification of Sec- 
tions IB, IIg, and IIIB and c. Disposable 
income includes wages plus interest on gov- 
poem and corporate debt. The latter is 

proportional to m + k since firms must 
finance their money holdings as well as their 
capital through borrowing. Thus using (51), 


(54) d= (1 — p) 
dro aap [L74 
y i Ere) 


Finally, the steady-state equation is 


(55) od = n(k+ m +l) 


Substituting (54) into (55), then dif- 
M@rentiating the result and (52) totally with 
espect to m, /, and k at the equilibrium 
values, we find (56) and (57). 


(56) Æ -= ja iain 
dr 


+ (1 + y — p)åko(l — p)r 


= no(l = DA (x = ey + 
|£- la- ola = o = o» 


nia(1 ~ p) f” 
l+A 
d 


= Ç +7 — p)AK(L + A(n 
+ ar(l — p)) + (1 — p)oA(— k(l + A) 


+ n(o = or- Ee) - a(l — p) 


"g f ; 
i+ Jf -r 
n — p)(n — o(l — p)r) 


nlo(l — p) f” 
l+A 


b: 


— no(l — p) + 


(57) 





— no(l — p) + 
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One can show, using the equilibrium condi- 
tions, that sufficient conditions for the de- 
nominator to be negative are 


(58) y~p>9O 
Y—?P 
(59) a eS 


which are analogon to the conditions of 
Section IHI. 

Numerically, using the same parameter 
values as in Section HI, we find that the 
original steady-state real interest rate is 
3.65 percent. The induced change in capital 
per 1 percent change in the inflation rate 
is --0.19 percent of the original capital 
stock. 


V. Endogenous Inflation: Effects of Tax 
and Budget Changes 


Suppose that the government finances its 
budget by nonlump sum taxes and without 
any borrowing. If real government pur- 
chases are a fixed proportion of real output, 
then the rate of inflation is endogenously 
determined in the system so as to satisfy the 
government’s budgetary needs. This can be 
seen as follows. 

We assume for simplicity that there are 
no corporate taxes, and that a full loss off- 
set on capital losses due to inflation is per- 
mitted. Disposable income is therefore as 
in (29) with / = 


(60) 
while the government’s budget equation is 
similarly 


(61) yy 


Using the firm’s equilibrium conditions 
(4), (6) and the portfolio condition m = 
Ak, the steady-state equations correspond- 
ing to the above model can be written 


(62) n(l + A)k — of fl — p) — TAk] 
= 0 


d=(w+rk)(i — p) — rm 


= (w+ rk)p + (x + n)m 


(63) (y= p)f — (r + Ak = 


Equations (62) and (63) determine the 
endogenous variables k and v. 

We can now find the effects on these 
variables of changes in the tax rate p, and in 
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the government’s budget proportion y. Dif- 
ferentiating (62) and (63) totally, substitut- 
ing for the equilibrium conditions, we get 


dk 
(64) ie 0 
| dx —f 
(¢>) dp Ak 


The effects of changes in the govern- 
ment’s budget proportion are span 
found: 





dk 

(66) rs | 
SEO 
~ (Jk — f'o — y) + 0 — o)rA 
dr | a S 

(67) s A A 


(f/k - f'l — p) - (1 - ona | 7 


(k -f'A - y) + (1 — o)rA] 


Under these conditions, a decreased tax 
rate can be fully compensated by a change 
in the rate of inflation without affecting the 
government’s budget equation. This is be- 
cause no substitution of real capital for 
money balances will take place under these 


‘Duncan Foley and Miguel Sidrauski, Monetary 
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extreme conditions. The full effect of ta 
changes falls on the rate of inflation. 

On the other hand, expenditure changes 
necessitate a faster inflation rate. This low- 
ers savings and hence capital intensity in 
the long run. 

These results would basically not change 
if we allowed for only a partial inflationary 
loss offset to individuals or by the introduc- 
tion of corporate taxes. . 
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Job Search, Labor Supply, and the 
Quit Decision: Theory and Evidence 


By JOHN M. BARRON AND STEPHEN MCCAFFERTY* 


Recently, several papers examined the 
quit decision. Donald Parsons considered a 
quit rate model based on the expected re- 
turn to employed job search. Parsons relied 
on existing empirical evidence to justify the 
simplifying assumption in the model that 

orkers quit only when a preferable job has 
been located. J. Peter Mattila provided fur- 
ther evidence that the majority of quits have 
lined up new jobs before quitting and sug- 
gested that quits into unemployment be 
viewed as “... a fairly small, constant exog- 
enous flow ...” (p. 239). 

In Section I, we provide a more complete 
theory of quit behavior within the context 
ofan information and search approach. By 
identifying the cost of search as the utility 
value of time spent searching, new choice 
gftiables in optimal search strategy, the 

tensity of search and labor supply during 
search, are added.’ This permits our model 
to encompass the three options facing an 
employed individual: employed job search, 
unemployed job search, or no job search. 
One result is that, contrary to the hypothe- 





sis of Mattila, the second option may be 


viewed as utility maximizing rather than 
“exogenous” behavior. 

To test the theoretical predictions gained 
in Section I, a new economy wide measure 
Òf the quits entering unemployment, syn- 
onymous with the number choosing unem- 
ployed job search, is computed in Section 
II. One result, consistent with our model’s 
prediction, is that quits entering unem- 
ployment are procyclical with the demand 


* Assistant professors of economics, Purdue Univer- 
sity and Ohio State University, respectively. We wish 
to thank George Borts, John Carlson, John Kennan, 
J. Peter Mattila, Richard Peterson, and an anomy- 
mous referee for comments on an earlier draft. 

'The model considers expected utility-maximizing 

ehavior rather than expected income-maximizing 
Mehavior A more complete discussion of search deci- 
sions in this context appears in McCafferty. 
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for labor. Section III contains concluding 
remarks. 


I 


This section sets up a model of the search 
behavior of an employed individual who 
seeks a higher wage. Let f(w) denote the 
density function of wage offers and let y de- 
note the probability that any search attempt 
results in a wage offer. We shall refer to v 
as the vacancy rate. If the individual sets a 
reservation (acceptance) wage of w*, then 
the probability that a search attempt is suc- 
cessful (i.e., results in a wage offer greater 
than or equal to w*) is given by v- k where 


(1) k = J f(w)dw 


Assume that the only cost of search is the 
utility value of the time spent searching. If 
the individual can make a@ search attempts 
per unit of search time and the proportion 
of his time spent searching is 7, then the 
individual makes a - r search attempts per 
unit time. Since the probability that a 
search attempt is successful is given by 
v- k, the probability of a successful search 
attempt during a small time period e is 
given bya-7-v-k-e. 

Taking the limit as e approaches zero, 
the density function of the random variable 
T, the time at which search is successful, is 
exponential.” That is, 


(2) A(T) = ar vk(exp(—ar vkT)) 
During job search the individual attains a 


flow of utility from income.and leisure 
given by 


(3) u=u(y+ 1-1-2] 
U;,U, > 0; Un, Un <0; Un 


prve 
pecas 


0 


2See, for instance, John Freund (pp. 82; 111-12). 
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where y is the real value of nonwage in- 
come, v/pis his current real wage, and / is 
the fraction of time the individual decides 
to supply as labor. The arguments of U are 
constrained to be nonnegative. The indi- 
vidual’s fow of utility on securing a better 
job rises to 


(4) u= u(y +271- 7) 


where w/p is the real wage the individual 
accepts (a random variable) and 7 is the 
fixed fraction of time comprising a new 
job’s work week.’ 

Assume that the individual’s perceptions 
of the wage offer distribution and the 
vacancy rate are in accord with reality. 
Then, from equations (3) and (4), the indi- 
vidual’s expected level of utility with dis- 
count rate ò and planning horizon A .is 
given by 


(5) au) = e| f u(y h 


l=- rhe dt 


` N 
+ f uly he ced ia ijedt) 
T P N 

with random variables Tand w/p. The con- 
trol variables in equation (5) are the labor 
supply /, the acceptance wage w*, and 
search intensity r. Unfortunately, the maxi- 
mization of (5) poses serious technical dif- 
ficulties. W:th a finite planning horizon, 
an optimum strategy will involve a decline 
in search intensity and the acceptance wage 


over time.* However, the density function . 
h(T) is derived under the assumption : 


that the product a@-7-yv-k. is constant 
over time. If this product is not constant 
then the deasity function of T cannot be 
easily computed. 


3The assumption that / is fixed is made only for con- 
venience of exposition. If the new job had flexible 
hours the individual would just choose them to satisfy 
_ w/p = la /U,. The crucial consideration is that the 

utility velue of the job be monotonically related to its 
wage. This would still be the case. 

4Reuben Gronau shows that the approach of the 
planning horizon will cause the acceptance wage to 
decline. 
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For most job searchers, however, t} 
duration of search is small relative to th 
planning horizon and.so these effects: wil 
be negligible. Therefore equation (5) can be 
reasonably approximated by ne infinite 
horizon formulation 


(6) E(U) = e| f uly + me : 


Les rleMat | 
E f uly raya E rhea 
T P ~Y 


A recent paper by John Kennan shows that 
the extremum solution to equations (5) and 
(6) converge as N in equation (5) ap- 
proaches infinity. 

Taking the expectation of equation (6) 
with respectto T and. w allows equation 6) 
to be rewritten as 


(7) EW) » 1 (u(y 4 - 1-1) 


i] 
i 
j 
| 
| 
| 
| 
| 


`. ayrk 


w w E 
‘eee kL [essen -Aý 


= wo LWY j 
Ue te -9| he w) 


The individual will seek to maximize ex- 
pression (7) with respect ‘to'/, w*,.and 7: 


_ The first-order conditions for maximization 





are’ 

Wi 
(8) 7 
(9) E(U) = u(y aes =T) 


(10) - u(y en BAS 
P * 
av j ETR 1) 
aye Se Sd ee ey ey 
af fu(y +n 
— u(y Ba - 1- 1)| food 
| $ 


r : A 
5The Appendix contains a more detailed derivat 


_ of (8), (9), and (10). i 
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Expression (8) defines the coriditions de- 
brmining the rate of labor supply during 
search. Labor supply is chosen to equate 
the marginal utility of leisure with the mar- 
ginal utility of the real wage. However, in 
the present context, leisure is net of both 
work and search. 

The. second expression, equation (9), 
generates the individual’s acceptance wage. 
The acceptance wage should be that wage 
which leaves the individual indifferent be- 
tween acceptance and continuing search 
with that acceptance wage. Thus the ac- 
Septance wage is chosen to equate the ex- 
pected value of continued search (£(U)) 
with the value of accepting w*, 

‘The condition’ in equation (10) deter- 
mines the individual’s optimal search inten- 
sity +. This condition shows that the in- 
dividual should expand his search intensity 
until the marginal cost of search intensity 
>xpansion (the left-hand side term in equa- 
tion (10)) equals the marginal expected gain 
:o increased search intensity. 

Differentiation of the first-order condi- 
ixons generates the effects of exogenous dis- 
“urbances: on-search behavior and labor 
supply during search. Below we consider 
the effects of changes in two: exogenous 
variables, the vacancy rate and the current 
real wage.° 

Results of a change in the vacancy rate 
on search intensity and labor supply are 


dr 
li) — = 
( ye 

i rO 
a. Pe ioe [i pee > 0 

| “(i + < rt vis =) Un 

dl p S Egi 

SS oe ec 0 
Da a) 290 

$ Ô p 


The superscript 0 denotes that the term is 
evaluated at the levels of consumption and 
leisure during search. We see that as the 
vacancy rate rises, the individual’ searches 


6The Appendix contains a more detailed derivation 
Ui 1), (12), (14), and (15). 
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more and works less. This result is not sur- 
prising. Increases in the vacancy rate in- 
crease the returns to search, but do not af- 
fect the returns to work (the current real 
wage) or to leisure. Therefore there is a sub- 
stitution away from both toward search. 

In order to facilitate analysis of the ef- 
fects of changes in the individual’s current 
real wage, it is useful first to state explicitly 
the condition under which the standard 
labor supply curve is upward sloping. The 
effect of a change in (wo /p) on the optimal 
value of / if r and w* are fixed can be ob- 
tained by differentiating equation (8) with 
respect to (wo /p) and /. The result is that 


aj DERE i 
(13) — la = - — 7 
(> Un + Ut, 


The present analysis invokes the standard 
assumption of an upward sloping conven- 
tional labor supply curve, i.e., that equa- 
tion (13) is positive. 

Given that (13) is positive, results of a 
change in wo/p on search intensity and 
labor supply are shown in equations (14) 
and (15). The first of these results, equation 
(14), shows that increases in the current real 
wage induce. individuals to search less. 
There are two reasons for this result. First, 
since the real value of the individual’s cur- 
rent wage has risen in relation to the dis- 
tribution of wage offers, search becomes 
less productive and so the intensity of 
search declines. The second reason the in- 
tensity of search falls is related to the con- 
ventional assumption of an upward sloping 
labor supply curve. An increase in (wo/p) 
induces.the individual to work more and 
hence raises the marginal cost of search 
(foregone leisure). 

Expression (15) shows that increases in 
the real wage increase labor supply during 
search. This results from the direct effect 
of the assumed upward sloping labor sup- 
ply curve and the indirect effect of the al- 
location of time, formerly spent in search, 
to labor supply and leisure as search inten- 
sity falls. 
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p pal (sto oe 
(14) = — 
a(s) U} U 
sdg ui) = ui 
dl í p a) 
(15) = Die 
a U’, (=) 
Pp P 


Of particular interest in the present dis- 
cussion is the classification of workers into 
one of three groups. Either a worker doesn’t 
search (r = 0), searches on the job (7 > 0, 
l > 0), or quits to search (/ = 0). From the 
first-order conditions, those who don’t 
search (che contented workers) are those for 
whom the following are satisfied: 


Ualy + 41-7) 


(16) p 
ily + A Ls ) 


ay 


(17) Ualy + Mut 1) > 
P 

Ww = 7 
Uly+—h1-— 
vf p 


Those who quit and search are those for 
whom the following is satisfied: 


Wo < U2(y, | = T) 


= Ui(y,1 — 7) 

It is optimal to quit and search when the 
intensity of search is at a level that crowds 
out labor supply. 

Let p, denote the proportion of workers 
who do not search, p, denote the propor- 
tion who search on the job, and let p, de- 
note the proportion of workers who quit to 
search. Consider now the effects on p,, Pe, 
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2 
(27) + US (os Ue 
AWA? i <0 
22) l 
Go- 


avk 


+ k) S0 


and p, of an increase in the vacancy rate or! 
a decrease in the current real wage among 
workers. 

For some formerly contented workers, 
an increase in the vacancy rate will reverse 
inequality (17), and they will begin on-the- 
job search. The same result occurs for a 
decrease in the current real wage among 
workers. Thus, 


(19) 

Wo OWo 
e = Delv,—), Op./dv < 0, dp, /—— > 
p pe Pel Bel 









An increase in the vacancy rate or a fal 
in (wo/p) among workers results, accord 
ing to equations (11)-(15), in a higher in 
tensity of search and a lower labor supply 
of individuals currently engaged in on-the 
job search. For some formerly employe 
job searchers, the rise in the intensity o 
search will be such that equation (18) no 
holds. Thus, 


(20) 


Pu = Pu ’ dp, /av > 0, dp, [A hid. 


— <0 
P 










The effect on p, of an increase in vacancie 
or a decrease in current real wages is am 
biguous. The fact that some previously con 
tented workers start on-the-job search tend 
to increase the proportion of workers en 
gaged in employed job search. However, 
the resulting increased search intensit 
among workers also results in some for; 
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merly on-the-job searchers choosing un- 
employed job search. 

Let q, denote the quit rate for employed 
searchers who find a job and g, denote the 
quit rate for those choosing unemployed 
job search. Then the following’ relations 
hold, 


(21) qe = (atvk) pe 
(22) Qu = Pu 


where 7 and k in equation (21) are averages 
over the on-the-job searchers. 
&- Note that it is now no longer theoretically 
correct to assert that g, is an increasing 
function of y, as Parsons has. Referring to 
equation (21), the reason is twofold. First, 
Parsons obtained an unambiguous increase 
in pe by ignoring the option of unemployed 
search. From our model it is clear that 
(pe + pua) increases, but it is not clear that 
Pe increases. Second, Parsons assumed a 
constant acceptance wage for an employed 
individual, such that the probability of 
finding an acceptable job (a@-7-v-k) un- 
ambiguously increases with an increase in v. 
MGiven transfer costs between jobs, a con- 
stant acceptance wage is consistent only 
with a series of job changes, the individual 
accepting any job paying a certain fraction 
above his current wage. This process of job 
changing continues until a wage is found 
high enough such that the individual be- 
comes a contented worker. Our model 
seeks to emphasize costs that would lead 
the individual to economize on job changes, 
and thus views the individual as anticipat- 
ing only one job change. In this case, the 
aie tee wage iS an increasing function 
of y; thus, a rise in v and therefore r would 
coincide with a fall in k and, without speci- 
fying particular functions, the net result 
for a-7-y-k is uncertain. 

Our model does provide unambiguous 
predictions on qg,. In particular, combining 
equations (19) and (22), 


(23) 
Ww wW 
Ge apg) ôqu/ðv > 0, 04,/a~2 < 0 


B 
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To test equation (23), aggregate time- 
series data on quits into unemployment are 
computed in Section H. The data, however, 
require that cyclical effects on quits choos- 
ing unemployed job search be separated 
from effects of recent changes in labor force 
composition. One recent change in the com- 
position of the labor force that appears to 
warrant consideration is the average age of 
employees. A discussion of this follows. 

Over time, a particular worker accumu- 
lates training specific to a firm and training 
specific to an “occupation.” Firms offer 
to workers some of the returns to each type 
of training to reduce the likelihood of quits. 
This observation is consistent with equa- 
tions (20) and (23), suggesting that search in- 
tensity is inversely related to the current 
real wage. It follows that the levels of firm- 
specific and occupation-specific training, by 
directly affecting a nontransferable com- 
ponent of the current real wage, are in- 
versely related to search intensity. 

We shall contend that the level of each 
type of training depends directly on the 
length of employment in a particular job or 
occupation, and that these lengths are an 
increasing function of the age of a worker. 
Thus, equation (23) may be rewritten as 


(24) Ju = quv,j(A)), 0qu/dA < 0 


where A is the average age of employees. 

To capture a seasonal transfer cost pos- 
tulated by Parsons, an August-September 
dummy variable, AS, is introduced. Given 
these considerations, the equation to be 
estimated and the predicted signs of the 
coefficients are 


(25) Qu = CXp(ap + a,AS) v*A? 
a, > 0, œ, > 0, a3 < 0 


The exponential functional form chosen to 
estimate equation (24) follows Parsons. 


H 


Since the predictions of our model, spe- 
cifically equation (25), conflict with previ- 


` 


6&8 


ous work, it is important that a test of 
equation (25) be undertaken. Past empirical 
tests of quit tehavior rely on manufacturing 
quit rates. However, these data reflect a 
measure of a total quit rate rather than a 
measure of g,, the quit rate of those choos- 
ing unemployed job search. Fortunately, a 
measure of g,, necessary for our purposes, 
may be obtained from available monthly 
survey data collected by the Bureau of 
Labor Statistics (BLS). The method of 
computing q, follows. 

Let r, denote the flow of quits into unem- 
ployment in period r. Let G? denote the 
number unemployed through quits for at 
least a periods, but for no more than b 
periods in period t. Ifa = 0, b — a = X, and 
6 is the probability of remaining unem- 
ployed between periods for the interval 
{t,t — X}, then 


(26) 
GP = r + nab + HP +... + Ha 
Assuming a constant flow of quits r, for 


the interval {i,t — X}, then 


(27) =GP/l+04+04...4+ 6*) 


Let G” denoze the number unemployed for 
at least b periods, but for not more than c 
periods in period ¢t. Then, ifc — b = b — a, 
(28) 0 = (G! /G y)” 

We shall approximate G% and G@y by 
the number >f job leavers reported by the 
BLS to be unemployed less than five weeks 
in the survey week of months one (t — X) 
and two (t). The G® is then approximated 
by the number of job leavers unemployed 
for at least five weeks but not more than ten 
weeks in the survey week of month two. 
Setting X equal to four and substituting 
these values into equations (27) and (28), 
an estimate cf the weekly low of quits into 
unemployment r, is obtained. Since this 
estimate is centered at the end of month 
one, a measure of the monthly quit rate 
into unemp-_oyment, representing q,, is 
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given for month two by’ 
(29) = r+ reex)/e f 


where e, is the total number employed in 
month two. 

The results of estimating equation (25) 
using the monthly values of g, so com- 
puted and approximating the vacancy rate 
by the help wanted advertising index com- 
piled by The National Industrial Confer- 
ence Board are 


(30) Ing, = 10.82 + .486 Inv 
(1.75) (2.53) J 
— 3.77 nA + 212AS “SF 
(2.27) (6.55) | 
R? = .76 
























Given data limitations, the period of ob- 
servations is from February 1967 to August 
1975. Absolute values of the f-statistics ap- 
pear in parentheses.’ 

For the period 1967 to 1975, the average 
age of the labor force A has exhibited a 
strong downward trend. This raises ques- 
tions as to whether A serves as a proxy for 
other neglected variables correlated with: 
time. To better determine the potential ef» 
fects of age on q,, a cross-section sample is 
thus required. Though the available data is 
limited, we were able to obtain measures of 
quit rates into unemployment for indi- 
viduals aged 16 to 19 and for individuals 20 
years of age and older. It was found that the 
quit rate into unemployment for those aged 
16 to 19 averaged four and one-half times 
the quit rate into unemployment for indi- 
viduals over 20. This is consistent with our 
hypothesized effect of age on g, and wit 
the sign and significance of the coefficier 
on A in equation (30). The size of the coeffiz 
cient on A must still, however, be viewed 
with some caution. 

Evidence of the cyclical behavior of qu 
with respect to total quits is possible if we 


7Since those unemployed between five and ten weeks 
in month two include some not recorded as unem- 
ployed less than five weeks in month one, the actual 
estimate of @ has an upward bias. The actual estimate 
of the quit rate into unemployment thus has a down- 
ward bias. 

8Equation (30) is corrected for first-order seriall 
correlated errors. The rho value is .677. "S35 
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assume the published manufacturing quit 

prate Gm Measures the economy-wide total 
quit rate. Then q,,/g,, represents the propor- 
tion of quits that enter unemployment. The 
relation between q,/q,, and the vacancy rate 
is given by” 


(31) In(qu/Qm) = 1.79 — .729 Inv 
(1.53) (2.87) 


R* = .616 
HI 


Several findings emerge from this study. 
One is that, on both theoretical and em- 
Virical grounds, the quit rate into unem- 
ployment gq, is responsive to the vacancy 
rate. As noted before, this finding differs 
from the predictions concerning g, made by 
Mattila. However, Mattila’s point that 
most quitters do not quit to search is sup- 
ported. We found that during the period the 
proportion of quits entering unemployment 
ulam, ranged from .14 to .42 with a mean 
of .21 

A second finding is that the elasticity of 
AS for the quit rate into unemployment 
(with respect to the vacancy rate is well be- 
low the quit rate (total)-vacancy elasticity 
range of 1.0-2.0 discovered by Parsons. 
Thus, a fall in the vacancy rate increases the 
proportion of quits entering unemploy- 
ment. Further evidence supporting this cy- 






clical behavior of q, with respect to the total 


quit rate is provided by equation (31). 

A third finding is that the recent 4 per- 
cent reduction in the average age of workers 
from 1967 to 1975 implies, ceteris paribus, a 
15 percent increase in the quit rate into un- 

mployment. 


APPENDIX 


Hil 


Adopting the convention that c = av/9é, 


equation (7) may be rewritten as 


(Al) V = 6E(U) = Uy + Fh -t= 7) 





* erk Hi fw) 
+ | Peay 


Equation (31) is corrected for first-order serially 
orrelated errors. The rho value is .689. 


BARRON AND McCAFFERTY: JOB SEARCH 689 


where 


AU = uly + 


Differentiation of equation (A1) permits 
the derivation of the first-order conditions 


ave l ck 
wey (gg ta |- BETEA 


f(w) 
I AU LO a| - 0 








OV — crf(w*) crk 
(a3) ak menj S, a 
fw) = *| = 0 
k(w*) dw aus] 


- where 


AUF = uy + i -7) 


ee cee 


a ae 0 o| _ 
(A) Tra “i -ut 4 


The superscript 0 again means that the util- 
ity function is evaluated at the levels of con- 
sumption and leisure during search. Equa- 
tions (A2) and (A4) correspond directly 
with equations (10) and (8), respectively. 
Equation (9) can be derived by combining. 
equations (A1) and (A3). 

By differentiating the first-order condi- 
tions, we can derive the second-order ma- 
trix. The computations are as follows: first 
differentiating (A2) with respect to r yields 


a? yV l ck 
A5) te —— |y? a A 
i) ð r? arg [M2 + hg 


l+erk | * 1+ erk 


fw) 
[ AU Tw) én || 


and 
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Combining equations (A5) and (A2) we 
note that 

ð? V Us, 

ðr? 1+ erk 


Differentiating equation (A3) with respect 
to w* yields 


ave cL) | Healer 


(A6) 





ep ðw*? 1 4 erki| (1 + crk? 


SO) ay ESO) 4 
I oe w "1 + Tec us| 


odl f' (w*) | OV 
vi z ur + Flw*y | awe 
Now combining equations (A7) and (A3) 
permits the derivation of 


_ _ tft) T ays 


pe = asad 














(A8) 


Differentiating equation (A4) with respect 
to l}, and recalling the assumption that 
Un = 0 yields 


V l wa. 7 
m Ih a oe 


Differentiation of equation (A2) with re- 
spect to w* yields 


(A9) 


i ae l c*rf(w*) 
Guo) draw* 14 erk k + erk} 
Í ET E ae 2- au" 


Combining equations (A10) and (A3) and 
the fact that K; = V; permits derivation of 


2 2 
Ay oo 





draw* aw*dr 
2 
us (7) u? 0 U? 
Pp 
(A16) 0 iipu* 0 
Ux 0 US, dr 
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Recalling that Uj. = 0, differentiation of 


equation (A2) with respect to / yields j 
8V Í o 

A12) >e = m |U 

ON) l a ak a? 


ck Wo 0 0 i 
I+ a m - us| | 


Now combining equations (A12) and (A4) 
we find that 
yY Uh 


rôl ələr l + ek 


Finally, differentiating equation (A4) with, 

respect to w* yields w 

k aIr ap 

dlaw*  ðw*ðl | 
. The second-order matrix for the maximi- 

zation of equation (6) can now be written as | 


(A13) 


(A14) 




















- A(15) 
PV PV BV | 
el? dlaw* aldr 
2 2 2 
w*dl  gw* Ow* dr S 
8V 8V 8y 
ðröl Ordw* ðr? 
0 Wo er 
Un + m) Ui Un 
l + crk 1 + erk 
o SWU o 
1 + erk 
Uh ` U$, 


1 + crk 


l + erk 
Straightforward examination of M 
(A15) assures that the second-order condi- ) 


0 U + IU?, 
_ TUS IU? 
= | l+erk 1+ erk 

Us cklU® 


l + crk 
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tions for the maximization of equation (6) 
Bre unambiguously satisfied. 

Now differentiating poa (A2), (A3), 
and (A4) with respect to 7, w*, J, c, and 
w/p, one may derive A(16). Application of 
Cramer’s rule facilitates the derivations of 
equations (11), (12), (14), and (15) in the 
text. 
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Faculty Skills and the Salary Structure 
in Academe: A Market Perspective 


| 


By HowazpD P. TUCKMAN, JAMES H. GAPINSKI, AND ROBERT P. HAGEMANN™® , 


In some universities the salary makes 
but a part. and frequently but a small 
part of the emoluments of the teacher, 
of which the greater part arises from 
the honoraries or fees of his pupils. 
The necessity of application, though 
always more or less diminished, is not 
in this case entirely taken away. Repu- 
tation in his profession is still of some 
importance to him, and he still has 
some dependency upon the affection, 
gratitude, and favourable report of 
those who have attended upon his in- 
struction; and these favourable senti- 
ments he is likely to gain in no way so 
well as by deserving them, that is, by 
the abilities and diligence with which 
he discharzes every part of his duty. 


Adam Smith, The Wealth of Nations, 
1776 


A number of academicians have recently 
addressed a pragmatic question which 
strikes very close to their pocketbook. 
Stripped of its ornamentation, it reads, 
“What determines my salary?” These re- 
searchers, following their own theoretical, 
methodologizal, and professional predilec- 
tions, have formulated and tested several 
different salzry equations. They have also 
examined various subissues, among them 
whether salary differentials exist by sex. 
This paper brings to the inquiry a new com- 
prehensive data set, and it hypothesizes a 
relationship between salaries and the func- 
tioning of the academic marketplace. Spe- 
cifically, we postulate that the salaries of 
faculty members are determined to a sub- 
stantial degree by market valuation of their 
skills. These skill markets may differ by 
discipline and sex, and the rewards for 


*Associate professors of economics and doctoral 
candidate, respectively, Florida State University. We 
sincerely thank Alan E, Bayer for providing us with 
the data used in this study. The research was made 
possible by an NSF-RANN grant, SSH72-03432 A02 
(formerly GI-34394). 


given skills may differ accordingly. This 
occasions several implications ignored in 
the earlier studies of David Katz, Emily 
Hoffman, and others. First, to the extent 
that discrimination exists in academe, it| 
may cause a differential not only in the 
average salary of male and female facuk 
but also in the returns to specific skills. 
corollary proposition is that schemes de- 
signed to equalize average salaries may 
create new inequities and lead to a misal- 
location of resources for reasons suggested 
elsewhere by Tuckman. Second, to the ex- 
tent that the returns to a given skill differ 
by discipline, statements of the return to 
that skill for all fields combined provide a 
misleading impression of the reward en- 
joyed by faculty in any particular field. 
Concomitantly, union efforts to negotiate a 
single salary schedule for all faculty wifia 
have different consequences for individual 
faculty, both in terms of their average sal- 
ary levels and in terms of the returns they 
receive for specific skills. If the supply of 
these skills is price responsive, then the ef- 
fect of unionization on that supply, mea- 
sured relative to the supply in the absence 
of unionization, will differ by field. Third, 
to the extent that faculty react to differ- 
ences in the returns to individual skills, 
administrative actions aimed at changing 
faculty behavior which ignore such differ; 
ences are likely to be at best only partially 
successful. For these and related reasons, 
we believe that it is analytically useful to 
introduce the concept of a market for 
faculty skills, acknowledging our debt to 
the human capital antecessor. 


I. The Market for Faculty Skills 


Many academic departments desire fac- 
ulty skilled in teaching, research, publi 
service, and administration. Individual 
with these skills can provide benefits to 
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their department in the form of increased 
student enrollments, outside grant funding, 
and recognition by the university, local 
community, and discipline at large. Two 
points seem evident. First, faculty members 
usually do not possess these skills in equal 
measure. Effective administrators are not 
necessarily the most able researchers, and 
those skilled in public service may be weak 
teachers. Since skills take time to develop, 
faculty to some extent choose among com- 
peting alternatives, and the return from 
each skill may affect their decisions. More- 
over, the diverse returns may have in- 
fluenced tHe choice skills developed in 
graduate school. Second, departments face 
an allocation problem. Given limited re- 
sources, they can hire only a few faculty. 
Whom a department selects depends on the 
importance it gives to the “package” of 
skills offered by each potential faculty 
member and on the premium those skills 
‘command in the market.” Tenure regula- 
*s alterna- 





The stock of each faculty skill available 
in the marketplace is relatively fixed in the 
jshort run. If the demand for a given skill 
increases, the price paid to faculty for this 
skill tends to increase, creating salary dif- 
erentials among faculty. In the long run, 
he number of faculty possessing the desired 
skill also increases, thus narrowing the dif- 
ferential among skills.” 

Is there a market return to outstanding 
eaching? The evidence is mixed. In the 



















Alternatively, it might be argued that faculty pos- 
sess these skills in equal measure but fail to cultivate 
them equally. For a polemic explanation of why this 
occurs, see Pierre van den Berghe, ch. 6. 

2The premiums for new faculty are lower than those 
ror established faculty since the latter are more likely 
o have invested time in a speciality. Once a person 
as opted to cultivate a particular skill, it is difficult 
o change direction since time is necessary to make a 
shift. This introduces short-run rigidities into the 
marketplace. 
3Salary need not be the only factor causing faculty 
to augment their background in the demanded skills. 
Greater job options, increased prestige, and op- 
portunities for creative work also play a role. Nothing 
reported in this paper is intended to minimize the 
importance of nonpecuniary returns. 
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absence of a comprehensive theory of learn- 
ing, departments may not effectively ap- 
praise the teaching output of their faculty. 
Nevertheless, the inquisitive department 
head or other decision maker can probably 
identify outstanding and poor teachers. If a 
department wants to offer a salary incre- 
ment to good teachers, it can discriminate 
among faculty on the basis of their teaching 
abilities. A problem arises when outstand- 
ing teachers attempt to sell their skills to 
other institutions or when new Ph.D.’s with 
untested skills enter the job market. Good 
teachers are normally known locally; it is 
difficult to gain a national reputation for 
one’s teaching skills as David Brown sug- 
gests (1965, pp. 203-06). Consequently, the 
demand for outstanding teaching skills may 
be limited and the price paid for these skills 
low. 

The output of researchers is more visible, 
consisting of articles, books, and other pub- 
lished pieces which often attract a national 
audience. The quality of a researcher’s 
work can be more readily judged by ex- 
perts; its worth evaluated in terms of the 
grants it brings, its effects on the national 
reputation of the researcher.’ Since re- 
searchers may also be more versatile with 
quantitative and analytic techniques than 
are teachers, and thus more substitutable in 
other occupations, both supply and demand 
forces would seem to place a relative pre- 
mium on research skills. This should be at 
least partially reflected in the salary incre- 
ments received from publication. 

Public service involves work with com- 
munities and public organizations, with 
departmental or university committees, 
and with charitable or educational organi- 
zations. Some departments regard these 
activities highly and demand faculty be suc- 
cessful in them. However, as in the case of 
teaching, such activities are more inclined 
to receive local rather than national recog- 
nition. The market for faculty with these 


4Not all research has practical value. Moreover. the 
significance of seminal work is often recognized by 
hindsight. Some types of research activities are of im- 
mediate value to a department, and these are most apt 
to be rewarded. Whether such reward policies impede 
in-depth scientific inquiry has not yet been analyzed. 
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skills may be circumscribed given the dif- 
ficulties inherent in determining a faculty 
member’s public service abilities. 

Administrétive skills are largely earned 
on the job. While grant management, de- 
partmental and university duties, and prior 
work experiences provide faculty with some 
skills, much administrative. experience is 
human capital specific. Furthermore, ad- 
ministrative skills are not easily measured, 
and thus the market for this type of skill 
may be limited.’ 

Most faculty enter the job market pos- 
sessing more than one skill, and the salary 


an individual is offered presumably includes — 


a return for zach skill valued by the em- 
ploying department. Since different disci- 
plines may assign different weights to given 
skills, the stricture of salaries is likely to 
vary by discipline. It may also vary by sex 
as males and -emales may be subject to dis- 
similar supply and demand phenomena as 
suggested by 3arbara Reagan.° 


Il. The Data Base and Model Specifications 


This paper employs data gathered by the 
American Council on Education (ACE) as 
part of a 1672-73 national cross-section 
study of faculty. The ACE initially selected 
301 institutions representing diverse insti- 
tutional types, levels of selectivity, and 
amounts of institutional wealth. Included 
were 78 universities, 181 four-year colleges, 
and 42 junior or community colleges.’ 
However, our interest in the returns to 
various academic skills dictated that of all 


>Administ-ato:s usually (but not always) earn at 
least as much as the most highly paid people they 
supervise. Since the salaries faculty receive vary, the 
average administrator earns more than the average 
nonadministrato-. Whether this constitutes a return 
to the administrative skill, to longer hours, to fore- 
gone alternatives. or the prerogatives of office remains 
to be established. 

For a general presentation of this view, see Brown 
(1967, pp. 62-62,66). But- note that Brown does not 
develop the impl cations of this argument in. the con- 
text of investment in specific skills. 

The original mailing involved 108,722 individuals; 
two following mailings together with the original, pro- 
duced 53,034 responses. For more on the sample, see 
Alan Bayer, pp. 1-5. 


.tire population of college and university teachin 
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respondents to the ACE questionnaire only, 
full-time university faculty be considered Í 
These are drawn from five disciplines 
grouped according to a widely accepted 
classification scheme: Social Sciences— 
Anthropology, Geography, Political 
Science, Sociology, Economics, History, 
Psychology; Liberal Arts—English, Music; 
Math-Engineering—Cuivil Engineering, Elec- 
trical Engineering, Mathematics; Biological 
Sciences—Biochemistry, Botany, Zoology; 
Physical Sciences — Chemistry, Earth 
Science, Physics. The revised data file, with; 
incomplete responses deleted, consists ef 
12,685 faculty of which 11,973 are male and 
712 are female? 

To determine the returns to select skills, a 
model is postulated which has roots in! 
those of Katz, and George Johnson and | 
Frank Stafford. A list and brief discussion 
of the variables follow. 





Salary: Income received by a faculty 
member from the employing institution for 
contractual services. Excluded are consult- 
ing fees, royalties, and other income earne 
outside the institution, the implicit assump 
tion being that universities do not consider | 
a person’s outside source of income in set- 
ting salary levels. 

Articles and Books: Total published a 
of 1972-73. These variables are taken a 
proxies for research skill. The number o 
articles is partitioned into six groups (l-2, 
3-4, 5-10, 11-20, 21-50, >50), each repre- 
sented by a dummy variable which assume 
a unit value when articles published fall i 
the corresponding group and zero other 
wise. Books are partitioned into four cate: 
gories (1-2, 3-4, 5-10, and >10) with añ 
dummy assigned to each. The same “1-0” 
criterion applies. This partitioning of pub- 
lications can be used to examine whether 
they have a linear or non-linear effect o 


| 


















8The ACE developed a complex weighting schem 
for making the faculty data representative of the en 


faculty. These have not been used here since th 
weights are based on the teaching rather than the tota 
faculty community. The breadth of our sample, how 
ever, suggests that it should be at least as representa) 
tive as the NSF National Register. 
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faculty salaries. The ACE did not compile 
Sontinuous publication variables. 

Teaching Award: A dummy variable 
with unity indicating that an individual has 
eceived a teaching award. While a mea- 
ure of teaching quality ranging from poor 
to outstanding might be preferable to the 
award variable, such a measure is unavail- 
able as some departments sampled do not 
rate faculty on teaching performance and 
others employ disparate rating schemes. It 
is probable, however, that our award vari- 

able identifies a high proportion of those 
ith outstanding teaching skills.” 

Public Service: A dummy variable 
hich equals unity if the faculty member 
s currently engaged in unpaid public ser- 
ice. Since organizational work typically 
nvolved long-term commitments, the cur- 

rent service variable is assumed to reflect 
past service as well. 

| Administration: This skill is introduced 
py two dummies. The first denotes (by 1) 
he individual who currently lists adminis- 
‘ation as the prime work activity; the sec- 
d denotes (by 1) the faculty member who 
reviously was a dean or department 
ead.” 

Experience: Number of years since the 
verson received the highest degree. It enters 
s a quadratic to allow for diminishing 
larginal returns to experience. Since skill 
ariables are explicitly included in the 
10del, this variable may be interpreted as 
neasuring the effect of experience on salary 
et of those increments which result from 
e cultivation of the specific skill. 

' PhD: A dummy variable with a unit 
ilue when a person has a Ph.D. or its 
quivalent. 



















9In fact, the variable may identify too many out- 
tanding teachers: almost 20 percent of the faculty 
1own in Table | received an outstanding teaching 
vard. This proportion seems very high, although it is 
fficult to find a yardstick against which it can be 
idged. 

l0The dummy variables for administration and pub- 
c service stand for activities rather than skills. It 
sems reasonable to assume, however, that faculty 
articipating in these endeavors inherently possess a 
srtain level of the requisite skills and enhance them 
Re line of duty. 


TUCKMAN ET AL.: FACULTY SKILLS 695 


Start: Defined as year of highest de- 
gree minus year of birth, this variable rep- 
resents starting age at the point at which the 
highest degree is received. It enters inter- 
actively with the Ph.D. and experience 
variables. 

Eleven-Month Salary and Quality of 
Department: Dummy variables the first of 
which assumes unity if the contractual 
period of employment is 11 months. Qual- 
ity enters through two dummies with unity 
assigned to the relevant variable if the de- 
partment’s rating falls in the 3.1-4.0 or 
4.1-5.0 interval of the Roose-Anderson 
scale. The most favorable rating is 5. 

Region of Department: Dummy vari- 
ables from North, Great Lakes, and South- 
east to allow for regional differences in 
labor markets. Unity is assigned to a 
dummy when a department is located in the 
corresponding region. Southwest and West 
combine to form the region of reference. 

Black: A dummy with a unit value 
when the faculty member is black. 


An ordinary least squares equation was 
fitted to the ACE data and a complete 
analysis of covariance conducted to test 
whether the salary structure could be re- 
garded as identical across the ten disci- 
pline-sex groups. The answer was un- 
equivocally negative; the null hypotheses of 
overall, intercept, and slope homogeneity 
were all soundly rejected at the 5 percent 
level. But perhaps the salary structure dif- 
fered only by sex, not by discipline; that is, 
males might display one uniform structure 
across disciplines and females another. The 
three hypotheses for this scenario were 
tested at 5 percent and rejected. A third 
possibility of homogeneity across sexes for 
given disciplines remained. This posed a 
minor problem because of the small sample 
sizes for females in liberal arts, math- 
engineering, biological sciences, and physi- 
cal sciences. The female regressions for 
these four disciplines seemed unrepresenta- 
tive, and consequently these data groups 
were deleted from further consideration. 
For social sciences, which boasted a much 
larger female sample, the three hypotheses 


+ 
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TABLE I— ESTIMATED SALARY EQUATION FOR MALE FACULTY BY DISCIPLINE 
(Shown in dollars) f 


Soc Sci Lib Art 
Articles s 
1-2 428 318 
3-4 5627 780° 
5-10 1,010 1,224 
11-20 1,758? 2,387? 
21-50 3 621° 3,435? 
>50 4,219” 5,851” 
Books 
E 426° 122 
3-4 1,424° 777° 
5-10 2,515 1,710? 
>10 1,995 2,216 
Teaching Award 276° 280, 
Public Service 643° 410 
Administration 
Current 3,403? 2,988? 
Previous i 448 2,337, 
Experience 528 219 , 
Experienze Squared —8 —2 
Ph.p.* 1,9257 = 1,9385 
Start 43 — $83 
Start x Experience —.3 —.4 
Start x Ph.D. —26 114° 
Quality cf Depertment 7 Š 
3.1-4.0 1,098 841 
4.1-5.0. 1,297? 842 
Region of Department i 
North 1,426 700° 
Great Laxes 344° 621° 
Southeast 1,1 87” 372 
Eleven-Month Salary 2,784” 1,214? 
Black Faculty 858 120 
Constant 6,543” 10,781° 
R? 59 54 
Sample Size 4,687 1,497 


Regression Coefficients 





Math-Eng Bio Sci Phy Sci | 
| 
1,040? 260 1,296 | 
1,383? a175 1,489 
1,558? 56 1,4885 
2,172 1,032 1,837) 
4,352? 1,982, 3,170? 
6,205 5,006 6,016 
444° ~426 432 
1,073) 639 6 
1,407 515 904° 
-441 699, 1,067 
217, 615 246 
633 175 675 
2,605? 3,809? 3,610? 
1,964 1811 1,943 
588? 546? 547 
ar ae vend 
2,716? —527 1,852 
OoOO ; 
216 88 ay 
743 2,185) 646) 
1,030 2,016 1,539 
1,652? 1,089° 872° 
787? £477 657° 
1,133? 341 837° 
3,537 2,608 3,520 
71, 1,056, 1,403 
4,416 7,865 5,335 
62 62 61 
2,195 1,046 2,548 





4The negative entries in the Ph.D. row do not translate into negative returns to the Ph.D. for reasons explain 


in the text. 
>Significant at | percent. 
‘Significant at 5 percent. 
dSignificant at 10 percent. 


were rejected at 5 percent. This evidence 
urged a separate investigation of salary for 
each discipline-sex group. 


HI., Empirical Analysis of the Salary 
Structure for Males 


Table 1 presents the results obtained by 
fitting the salary equation to data on male 
faculty in each discipline. The coefficient for 
any variable in a given set of dummies is 











interpreted relative to the category exclude 
from that set. For example, the coefficien 
of 3-4 articles shows the extra salary whic 
a faculty having that number of articl 
earns relative to one who published n 
articles.'’ All significance tests are F’s. T 


ILA skill coefficient reflects the “mean circu 
stance” of the faculty already in that category. , 
might not signify the return which a person just em 
ing that category would receive. 
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illustrate the computations of salary from 
the above regression we have selected a soc- 
ial scientist with 1-2 articles, 1-2 books, no 
teaching award and no public service or 
administrative background, 10 years of ex- 
perience, a Ph.D. obtained at age 31, in a 
non-“‘quality” northern department. The 
relevant computation, with the coefficients 
of the variables shown in parentheses, is as 
follows: ($428) + ($426) + ($528)10 — 
($8)10-10 + ($1925) + ($43)31 - 
($.30)31-10 — ($26)31 + ($1426) + 
($6543) = $15,662. 
~ Salaries of males who publish articles 
generally rise monotonically with articles 
produced. A departure from this pattern 
occurs for the biological sciences in the first 
few categories. The configurations for book 
‘coefficients are considerably more disparate 
across fields. The liberal arts and physical 
sciences coefficients suggest continual in- 
creases; those for social sciences and math- 
engineering trace an inverted V, the drop 
being associated with category >10. The 
negative coefficient for math-engineering is 
insignificant; the corresponding coefficient 
for social sciences is significant and may 
reflect a tendency for the highest category 
to contain revised texts, readers, or other 
edited volumes not valued by departments 
in that discipline. Unfortunately, the ACE 
data are not complete enough to allow a 
test of this hypothesis. The book coeffi- 
cients for biological sciences display a 
saw-toothed movement, but none are sig- 
nificant. 

From the article and book coefficients, 
a return per publication can be extracted. 
Those figures appear in Table 2. In com- 
puting average returns, the midpoint of 
each publication interval was used; mid- 
points for >50 and >10 were taken as 65 
and 12, respectively. Except in the maverick 
biological sciences, the articles evidence a 
tendency for diminishing returns, the rate 
of decline for the first several articles dif- 
fering strikingly by field. Average returns 
for books either decline continually or first 
rise then fall. 

Outstanding teaching appears to yield a 
how rate of return; in four of the five disci- 
plines teaching excellence involves a smaller 
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TABLE 2—-RETURN PER PUBLICATION BY 
MALE FACULTY IN Each DISCIPLINE 


Soc Lib Math- Bio Phy 
Sci Art Eng Sci Sci 


Articles 
1-2 $285 $212 $693 $173 $864 
3-4 161 223 395 —50 425 
5-10 135 163 208 7 198 
11-20 113 154 179 67 119 
21-50 74 97 123 56 89 
>50 65 90 95 77 93 

Books 

{2 284 81 296 — 284 288 
3-4 407 222 307 183 179 
5-10 335 228 188 69 121 
>10 166 185 —37 58 89 


return than even nominal publication of 
articles. Public service generally seems more 
lucrative than teaching, but those with 3-4 
articles receive a higher return.’ Current 
administrators enjoy larger salary adjust- 
ments, earning at least $2,600 more than 
those not engaged in this activity. In each 
discipline the gain from current administra- 
tion is at minimum three times that from 
teaching and public service combined. It is 
matched only by extensive article publica- 
tion. 

The experience variables suggest the 
existence of diminishing marginal returns 
in all disciplines, a finding supported by 
other studies.” The severity of diminishing 
returns differs across fields, however, as 
does the point of negative returns. Figure 1 
illustrates this point. Diminishing returns 
set in most gradually for liberal arts, and 
there negative returns do not materialize 
through 35 years of experience. For the 


12 Although these categories are not mutually ex- 
clusive, the time constraint imposes a tradeoff on 
faculty, at least to some extent. Thus, this comparison 
seems warranted, 

'3These diminishing returns may reflect decay in the 
average faculty member’s stock of human capital in 
each field, obsolescence of knowledge as new knowl- 
edge is introduced, generational or cohort effects, or 
consequences of institutional practices. These factors 
are difficult to disentangle empirically. It should be 
noted that the experience-earnings profiles presented in 
this article do not conform to the conventional wisdom 
as to which fields evidence the most rapid obsolescence 
of knowledge. 
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FIGURE 1. EXPERIENCE-EARNINGS PROFILE FOR MALE FACULTY BY DISCIPLINE 


other disciplines, negative returns surface 
between 30 and 35 years of experience." 
The individuals being compared are whites 
who completed their doctorates at age 31 
and who are employed on a nine-month 
basis in an unranked western department. 
Publishers, outstanding teachers, public 
servants, and administrators are ruled out. 
In conformity with casual empiricism, the 
Ph.D. always increases salary. This direct 
relationship is masked at times, but it read- 
ily emerges when the interactive component 
with Start is taken into account. For ex- 
ample, given a starting age of 31, the Ph.D. 
coefficients for liberal arts and biological 
sciences become $1,543 and $2,175, respec- 
tively. Black faculty are found to earn more 


14s scholars mature their list of accomplishments 
grows, and the resulting salary increments impart 
“steps” to the experience-earnings loci. This compli- 
cation has been omitted from Figure | under ceteris 
paribus. 


than whites, but the regression coefficients 
are all insignificant. The small number of 
faculty in this category precluded more, 
elaborate analysis. | 


IV. Contrapuntal Structures For | 
Women and Men . | 


The salary equation for female socia 
scientists is reported in Table 3. Articld 
publication is associated with a monotonic 
salary improvement save in the extreme 
category, where the coefficient is supported 
by a cell count of only 3. This pattern for 
articles bears a noticeable similarity to that 
for male social scientists. The configuration 
of book coefficients resembles the men’s, 
and the negative coefficient for >10 cate-: 
gory reflects the predicament of two 
women. Current administrators again re- 
ceive handsome returns, though less than 
their male counterparts. 
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TABLE 3—ESTIMATED SALARY EQUATION AND 
à RETURN PER PUBLICATION FOR FEMALE 
FACULTY IN SOCIAL SCIENCES 
(Shown in dollars) 


Regression Average 
Coefficient Return 
Articles 
1-2 212 14] 
3-4 728 208 
5-10 877° 117 
11-20 1.168° 75 
21-50 2,.434° 69 
>50 200 3 
Books 
1-2 355 237 
3-4 1,323 378 
5-10 2,044° 273 
>10 —130 —11 
Teaching Award 418 
Public Service 722° 
Administration 
Current 1,530" 
Previous 1,956" 
=x perience 446° 
Experience Squared a 
°h.D. 4,427" 
Start 94° 
start x Experience —2 
štart x Ph.D. —65 
Quality of Department 
3.1-4.0 455 
4.1-5.0 382 
Region of Department 
North 1,443° 
Great Lakes 1,076" 
Southeast 1,609° 
3leven-Month Salary 2,168 
3lack Faculty 1,987° 
Constant 3,546° 
R? 58 
sample Size 371 


aSignificant at | percent. 
bSignificant at 5 percent. 
Significant at 10 percent. 


Experience affects salaries in the manner 
suggested by Johnson and Stafford. The co- 
ficient of the experience variable, includ- 
ng the interaction term with Start, is less 
yositive for females than for males while 
hat of the quadratic term is less negative 
or females. A catch-up phenomenon is 
hus implied; the salary differential al- 
hough increasing initially increases at a de- 
easing rate until it begins to shrink. Given 
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sufficient time, the differential would be 
driven to zero. Figure 2 shows the ex- 
perience-earnings profiles for men and 
women; the same conditions underlying the 
previous figure apply. It is clear that once 
the parity point is passed after graduation 
the salary disparity widens through 35 years 
of experience. The catch-up process begins 
at 44 years of experience (75 years of age). 
Catch-up is complete, with the salary dif- - 
ferential totally eliminated, at an experience 
level of 87 (118 years of age). This some- 
what amusing mental exercise suggests that 
experience which does not develop the spe- 
cific skills measured here provides females 
with little hope for salary equality. A corol- 
lary is that women are more likely to attain 
parity if their vitae are longer.’? More of 
this shortly. 

Salary differentials between sexes are ex- 
amined further in Table 4. There the coef- 
ficients from Tables 1 and 3 are manipu- 
lated to yield salaries for males and females 
who possess like skills. Underlying this ex- 
periment are givens identical to those for 
Figure 2 with an added stipulation of 13 
years experience. The resulting salary figures 
may fall short of today’s standard because 
they have not been adjusted for the inflation 
which followed 1972-73. For all skill com- 
binations listed, females earn less than 
males. But in contrast to many of the earlier 
studies in this area, our results suggest sub- 
stantial differences in the salary relative, 
depending on the skills possessed. On the 
assumption that individuals with the same 
skill package are similar, our results sug- 
gest substantial discrimination between 
male and female faculty currently in ad- 
ministration (0.81) and relatively less for 
those who have published 3-4 articles 
(0.91). As can be observed, no clear pat- 
tern emerges. In percentage terms, an un- 
skilled female does better relative to her 
male counterpart than a female administra- 
tor with 11-20 articles does relative to hers. 


l5It is not clear what would happen if more women 
began to publish, however. If a separate labor market 
exists for them, then an increase in the supply of 
articles, other things equal, would reduce the return 
to this activity. 
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TABLE 4—SALARY COMPARISONS FOR 
MALE AND FEMALE SOCIAL SCIENTISTS 
Having Like SKILLS 


. Female Male Salary 
A Skill Package Salary Salary Relative? 

No Skills $12,923 $14,391 .898 
3-4 Articles . 13,651 14,953 .913 
11--20 Articles 14,091 16,149 .873 
Outstanding Teeching 13,341 14,667 .910 
Public Service 13,645 15,034 .908 
Current Administration 14,453 17,794 .812 
11-20 Articles, 

5-10 Books 16,135 18,864  .864 
11-20-Articles, 

Current Administration 15,621 19,552  .799 
21-50 Articles, 

3-4 Books, 

Current Admrnistration 18,210 21,839 .834 
3-4 Articles, ` 

Outstanding Teaching , 

Public Service 14,791 15,872 .932 


Female salary /male salary. 
bMinimum salary difference from all possible skill 
packages. 


In absolute terms, however, the skilled fe- 
male earns a salary greater than that of her , 
uiiskilled sister. Such findings intimate that | 
studies like those of Hoffman and Johnson | 
and Stafford tend to hide the importance of 
skill differences in establishing both the 
existence and the nature of salary discrim- 
ination." (It follows that efforts to elim- 
inate discrimination based on equalizationm® 
of salaries by education and experience | 
levels may create new inequities and in- | 
efficiencies.) ; 

Women earn less than comparable men. 
How many extra credentials are necessary 
for women faculty to reach salary parity? 
One way to handle this question is to be- 
stow various combinations of skills on a, 












16The magnitude of the salary differential attribut- 
able to discrimination is markedly lower (9 to 20 per- 
cent) than those of Hoffman and Johnson and Staf 
ford. While the latter ascribe approximately 40 pět- 
cent to discriminatory practices, Hoffman assigns 56 
to 68 percent of the differential to discrimination. _ 
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TABLE 5—SCHEDULE OF EXTRA CREDENTIALS 
FOR FEMALE SOCIAL SCIENTISTS 


Number Total 

of Return FEAR 
Articles ($) Ratio 
5 784 .952 

6 821 .955 

7 858 958 

8 895 .960 

9 932 .963 

10 968 .965 

lI 1,004 .968 

12 1,041 .970 
N 1,077 973 
14 1,113 .975 

15 1,150 .978 

16 1,200 981 

17 1,263 986 

18 1,326 .990 

19 1,390 295 
20 1,453 999 
21 1,516 1.003 
22 1,579 1.008 
23 1,643 1.012 
24 1,706 1.017 


SAS 1,769 1.021 


female and to compare her consequent sal- 
ary with that for a male having given skills. 
The number of possible combinations, how- 
ever, is quite large, and because of the 
dichotomous nature of the skill variables 


exact parity would be difficult to construct. | 
An alternative tack is to derive from the ` 


discrete variables a continuous skill mea- 
sure and to use that measure in locating 
parity. This is done in Table 5, which is 
premised on the same conditions as Table 
4. The total return column presents the 
yfotal extra salary resulting from article 
publication. These figures were computed 
by linearly interpolating the article co- 
efficients in Table 3 over the midpoints of 
the publication intervals. The FEAR (Fe- 
male ExtrA cRedential) ratio is simply the 
female’s salary inclusive of the return to 
articles divided by the salary of an un- 
skilled male, the latter being $14,391. Thus 
a female social scientist who publishes 8 
articles and has no other credits earns 
$12,923 + $895 = $13,770, which is 96 per- 
cent of an unskilled male’s salary. Parity is 
achieved with 20 articles; put in these terms, 
the salary disparity seems appreciable. 
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The final regression result considered is 
the coefficient for black female faculty: it is 
large and significant. The repetition of a 
positive coefficient in Tables 1 and 3 en- 
courages at least a tentative conclusion 
about the effect of race on salary.” From 
the No Skills salaries in Table 4, it is easy to 
show.that black males and black females 
earn more than white males, who in turn 
earn more than white females. White 
women, not blacks, seem to be the dis- 
advantaged. l 


V. Concluding Comments 


The structure of faculty salaries differs by 
discipline and sex. These differences are 
fundamental and cannot be captured by 
the mere insertion of intercept dummies 
into an estimating equation. This finding, 
based on a data base which encompasses a 
large segment of the academic community, 
raises doubt about the appropriateness of 
the fundamental assumptions underlying 
much of the earlier work-on faculty sal- 
aries. Of the skills examined here, teach- 
ing and public service yield low compensa- 


‘tion; publishing and administration carry 


much larger returns. 
Women earn less than men with like 
characteristics, and this disparity supports 


_Reagan’s “dual labor market” hypothesis 


and extends it to the market for specific 
skills. Strict inferences about sex dis- 
crimination drawn from this conclusion, 
however, must be accompanied by a key 
proviso of equal or smaller female supplies. 
The limited evidence on this point con- 
tained in the ACE data file is inconclusive. 
One is nevertheless tempted to ask why 
separate markets exist for men and women 
if not because of discrimination.  * 

The salary catch-up phenomenon of 
Johnson and Stafford is detected by the re- 
gressions, but the opportunity provided for 
women to achieve salary equality is vacuous 
in the absence of major medical develop- 
ments to forestall aging. The role of ex- 
perience in the present skills context differs 
from that assigned by Johnson and Staf- 

\7The small percentage of blacks in the data (<1 


percent) cautions that further evidence is needed be- 
fore a firm judgment can be made. 
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ford. In their study experience essentially 
subsumes the skill variables broken out 
here for special consideration. With the re- 
wards to select skills articulated, and sub- 
ject to the constraints imposed by our 
rather crude measures, women can assume 
a more active role in the pursuit of salary 
parity than Johnson and Stafford concede. 

Finally the skill differentials identified 
and analyzed in this paper have important 
implications for the recent efforts of state 
legislatures to impose twelve-hour laws 
and other “accountability measures” on 
faculty. Legislative fiat will likely be less 
than totally successful as long as it fails to 
recognize the nature of the reward structure 
faculty face. At best such actions will en- 
courage begrudging acceptance; more re- 
alistically they will encourage affirmatively 
evasive action. To the extent that faculty 
are sensitive to the returns to individual 
skills, legislative action should be more in- 
clined to success if implemented through 
the beguilements of the market rather than 
through coercion. 
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Health, Family Structure, and Labor Supply 


By DONALD O. PARSONS* 


The growing likelihood of major health 
difficulties is a principal feature of the 
aging process, and coping with poor health 
may be the single problem which most dis- 
tinguishes the economic circumstance of 
older workers from that of the young. 
Beyond the direct utility loss of diminished 

„health, the person in poor health suffers 
‘other adverse economic and social conse- 
quences, including a reduction in income as 
he or she is forced to reallocate time from 
market work to health maintenance activi- 
ties! A number of economists (Michael 
Grossman and Lee Benham, Monroe 
Berkowitz and William G. Johnson, Richard 
Scheffler and George Iden, Karen Schwartz, 
and Harold S. Luft, 1974, 1975) have 
recently attempted to quantify the effect of 
health status on male labor supply and have 
found, not surprisingly, that the effects are 
"farge indeed.* 

The magnitude of the economic loss for a 
given severity of illness or accident depends, 
of course, on the institutional structure 
within which the individual lives and works. 


*Associate professor of economics and research as- 
sociate, Center for Human Resource Research, Ohio 
State University. This research was supported by 
grants from the National Institute of Child Health 
and Human Development, National Institutes of 
Health, Department of Health, Education, and Wel- 
fare, and the Manpower Administration, Depart- 
ment of Labor. The study was completed during 
pay tenure as research fellow at the National Bureau 
of Economic Research. The comments of Michael 
Grossman and members of the labor workshops at 
Stanford University and Ohio State University are 
gratefully acknowledged. David Rahrig provided ex- 
cellent research assistance. 

1Some portion of this loss is no doubt insurable 
although the problems of moral hazard are likely to 
be quite large in this situation for all but the most 
obvious physical difficulties. : 

2The study by James N. Morgan et al. (1962) also 
remains interesting and useful. Other economists 
have examined the determinants of work days lost 
due to sickness. See Joseph P. Newhouse, Morris 
‘Silver, and Grossman (1972). Since this measure is 
smited to employed persons it is not a very useful 
-measure for severe health difficulties. 
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Since the family has traditionally been an 
important, if informal, health production 
organization and source of income insur- 
ance, the role of the family in conditioning 
the relationship between health, labor sup- 
ply, and earnings will be explored in this 
paper.’ Obviously the interaction of family 
structure, health status, and labor supply is 
quite complex, and I focus below on a few 
aspects of this issue. They relate largely to 
the ability of older families to buffer the 
economic losses imposed by the adult 
male’s poor health. 

The main labor supply questions to be 
considered are the effect of family structure 
on the male’s labor force withdrawal for a 
given health loss and, for married men, the 
corresponding sensitivity of the spouse’s 
market activity to the male’s health condi- 
tion. The relative size of the afflicted in- 
dividual’s (and family’s) income loss will 
obviously depend critically on the size of 
these labor supply responses.* The family 
structure of the male will be characterized 
simply by the presence or absence of a 
spouse and the education level of the 
spouse, if present. Spouse’s education is 
suggested by several health studies which 
found it to be an important determinant of 
male health.’ 

Below I consider the health, family struc- 
ture, and labor supply interrelationships at 
both theoretical and empirical levels. The 
paper is: organized in the following way. 
In Section I an informal discussion of the 
choice structure of families in the face of 


3For one interesting effort to consider this problem 
from a largely sociological viewpoint see Z. Saad Nagi 
and Linda Hadley. 

4In this paper I explore only the labor supply con- 
sequences of poor health and not wage rate effects. 
The latter is sufficiently complex to require separate 
treatment. 

5Grossman (1976), for example, has found in one 
sample that the health of an older male is more 
closely correlated with the education of the wife than 
his own education. 
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poor health is outlined. In Section II data 
from the older male portion of the National 
Longitudinal Surveys (VZS) are used to 
estimate labor supply functions for married 
and single mea with special attention to dif- 
ferences in poor health responses. A simul- 
taneous model of male labor supply and 
other family income (chiefly transfer in- 
come and the earnings of the wife) is then 
estimated to determine whether variations 
in the work hours of males, largely due to 
health differences, induce any substantial 
changes in income producing activities by 
other family members. Finally, in Section 
III the detailed time budget data on both 
males and females from the Productive 
Americans Survey (PAS) are used to esti- 
mate more przcisely the effect of health on 
total family zime allocations. These data 
provide estimates of the impact of poor 
health on home production time as well as 
market time for both husband and wife. 


I. The Structure of Family Response 
to Health Problems 


The onset of poor health in the adult 
male generates a wide range of problems for 
the individua. and the family, and corre- 
sponding adiustments in economic be- 
havior. In an appendix to this paper (avail- 
able upon request) I formally develop a 
family time a.location model for the adult 
male in poor health. In this section I briefly 
summarize some of the important theoreti- 
cal conclusioas (and ambiguities) which 
arise in that model as a framework for the 
empirical wor< which follows. 

The adult male’s own work time: will 
surely be lower following a decline in 
health, although the size of the decline is 
conditioned ty a variety of factors. For 
some illnesses and accidents, market work 
may be imvossible. For many health condi- 
tions, however, market work is at least 
feasible and work hours therefore subject 
to choice. In these circumstances, the in- 
dividual and family confront the difficult 
decision of allocating the male’s time be- 
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tween health investments, such as rest, and¢ 
current income production.® | 

The characteristics of the family are po- 
tentially strong conditioning factors for the 
male’s work hour decision. The presence of 
a wife with the frequently accompanying 
long-run specialization of market and home 
tasks may increase the male’s responsibili- 
ties, inducing him to work in spite of his 
health difficulties. Most evidence indicates, 
however, that married men are healthier 
and recover (to the extent possible) more 
quickly from negative health shocks, which- 
does not support the notion that they are? 
sacrificing health maintenance for current 
income.’ To the extent the wife is able to 
substitute nursing and personal care activi- 
ties for the husband’s own time in health 
maintenance, the male in poor health with 
spouse present should be able to spend 
more time in the market without suffering 
adverse health consequences. 

The expected reallocation of the wife’s 
time between home and market activity is 
ambiguous. The onset of poor health in the: 
husbard increases the demands for thé) 
wife’s nursing and personal care services, 
but also increases the family’s demand for 
income earning activities since few workers 
are fully compensated for health related 
work loss. The wife’s time allocation choice 
in this circumstance will presumably de- 
pend upon the relative wage rates of hus- 
band and wife, the substitution possibilities 
between the time of husband and wife in his 
health maintenance, and the entry costs of 





























6A number of researchers including Richard Auster 
et al., Grossman (1972), and Victor Fuchs have 
stressed the importance of social phenomena— 
consumption habits, personal relationships, etc.—as 
determinants of health status, in contrast to narrowly 
defined medical care. 

7An alternative explanation of this relationship is 
possible, namely that healthier males can attract and 
marry higher quality (educated) females. Since these 
results are for older males, ages 45-59, the simultane- 
ity problem is somewhat diminished. The bulk of these 
individuals are likely to have developed health prob- 
lems in the twenty to thirty years since the usual 
marriage age. See Benham and Finis Welch for a dis- 
cussion of this issue. 
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e wife into the labor market if she is not 
currently in the market. 
The education level of the wife, if present, 
lso has a theoretically uncertain direction 
f effect on the female’s adjustment. More 
ighly educated women face higher market 
ages and therefore have more of an incen- 
tive to substitute time in the market. Alter- 
natively the efficiency of the wife in pro- 
viding health maintenance services for the 
husband should also rise with education. 
The effect of wife’s education on time re- 
piece following illness in the husband 

Itimately rests on the empirical question of 
whether market or home efficiency rises 
more rapidly with education. 

The ambiguities in the theoretical pre- 
dictions make apparent the need for empiri- 
cal estimates. While the market time of the 
unhealthy male is likely to fall less when a 
spouse is present, the change in market time 
of the wife is uncertain in direction. The ef- 
fect of the wife’s education level is similarly 
ambiguous a priori. In the next two sections 
I report on empirical efforts to resolve these 
sues. 


II. The Labor Supply of Older Males: 
Empirical Results. 


A. Annual Work Hours of Older Males 


In this section, data from the older male 
cohort (ages 45-59) of the National Longi- 
tudinal Survey (NLS) will be explored.® The 
labor supply behavior of the men and, in 
particular, their differential response of 

nnual work hours to poor health will be 
pstimated.’ The sensitivity of other income, 


8The NLS is a national longitudinal survey of the 
labor market characteristics of four age cohorts of 
about 5000 persons each. The survey is representative 
of the U.S. population except for a substantial over- 
sampling of blacks (30 percent of total). See Herbert 
S. Parnes et al. 

9Annual hours were chosen because of interest in 
measuring roughly an earnings effect of health. Other 
researchers have estimated health effects on labor force 
participation, weeks worked per year, and hours 
worked per week. Both Joseph Davis and Richard 
Scheffler and George Iden report that weeks worked 
aia sensitive to poor health than are hours per 
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specifically earned income of other family 
members, to the work hours of the males is 
then estimated in a simultaneous frame- 
work, 

In Table 1, column (1) the coefficients of 
a fairly standard annual work hours model 
are reported with health status variables in- 
cluded. The health condition of the in- 
dividual is characterized by a set of dum- 
mies HG, HF, and HP which equal one if 
self-reported health status is judged to be 
good, fair, or poor, respectively; zero other- 
wise. The reference health status is excel- 
lent health, HE. The health variables, par- 
ticularly the presence of poor health, 
strongly influence labor supply. Poor health 
status, for example, implies a reduction of 
1300 hours or 65 percent of a standard 
work year of 2000 hours. 

The nonhealth coefficients are of inde- 
pendent interest. Higher skilled workers 
generally work longer hours as do married 
men, particularly married men with highly 
educated wives. A married man with a wife 
who attained twelve years of schooling can 
be expected to work about 260 hours more 
per year than a single man, health and other 
factors constant. Each dependent adds 
another 20 hours. 

To answer the question of whether mar- 
ried men have a different labor supply re- 
action to poor health than do single men, 
the total sample was separated into mar- 
ried and single subsamples and the regres- 
sion model with health variables reesti- 
mated. The coefficient estimates are reported 
in Table 1, columns (2) and (3), for the 
married and single subsamples, respec- 
tively. 

The differences in behavior by health 
status are dramatic with hours reductions 
(relative to a base of excellent health) of 


week. Paul Burgess and Jerry Kingston report mod- 
estly greater duration of unemployment for workers 
in poor health. 

104 classic piece by Nagi compares self-reported 
health condition with a doctor’s opinion and finds a 
substantial correspondence of the two. Deviations 
where systematic are not necessarily in the intuitively 
predictable direction. 
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TABLE I—ANNUAL MARKET Hours OF MEN, 45-59, 
IN 1966, TOTAL AND BY MARITAL STATUS? 


Variable (1) (2) (3) 
Skill 
S? 23.04 27.88 11.35 
(2.15) (2.40) (0.38) 
S2 ~ 1 42 — 1.67 0.48 
(2.60) (2.88) (0.28) 
Blue® ~ 330.68 — 338.20 277,26 
(14.13) (13.76) (3.73) 
Family 
M4 166.29 - ~ 
(3.00) 
Mx Swe &.02 8.62 =- 
(1.76) (1.87) 
Depend! 21,73 18.51 53.85 
(3.32) (2.79) (1.82) 
Demographic 
Black®& — 169,33 — 174.83 136.70 
(6.30) (6.10) (1.72) 
Ageh —~9,02 — 10.19 ~2.21 
(3.35) (3.60) (0.26) 
Market 
Unempi — 11.83 —10.13 — 21.50 
(2.39) (1.87) (1.67) 
Health 
HE’ ss = e 
HGK -48,52 — 34.43 — 157.75 
(1.93) (1.32) (1.82) 
HF! ~203.30 -172.09  —391.2] 
(6.26) (5.03) (3.87) 
HP™ — {301.9 — 1222.2 ~ 1677.0 
(28.01) (24.45) (12.83) 
Constant 2658.8 2846.4 2528.3 
(16.41) (16.38) (5.07) 
R2 0.25 0.23 0,30 
Sample Total Married, Other 
Spouse than 
Present Married 
Sample Size 4444 3865 569 


Source: Nationa. Longitudinal Survey. 


4 Absolute value of f-ratios are in parentheses. 

>Years of schooling of man. 

‘Dummy equal to one if current or last occupation 
blue collar. 

dDummy aqual to one if married, spouse present. 
“Years of school ng of wife, if present. 

‘Number of dependents. excluding wife if married. 

® Dummy equal to one if race nonwhite. 

h Age of husband. 

iLocal labor market unemployment rate. 

jDummy equal zo one if self-reported health status 
excellent. 

kK Dummy equal to one if health good. 

'Dummy equal to one if health fair. 

m Dummy equal to one if health poor. 
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34, 172, and 1222 hours for good, fair, and 
poor health, respectively, for married men 
and 158, 391, and 1677 hours for men with- 
out spouse present. The differential work 
hour reduction of single men then is 124, 
219, and 455 annual hours for the three 
lesser health categories. An F test of the 
hypothesis that the two regression struc- 
tures have equal coefficients can be rejected 
at the 1 percent level.'! In terms of a frac- 
tion of a normal work year (2000 hours), 
married men in poor health are forced to 
contract their annual hours in the market 
by 61 percent while single men contrac 
their work hours by 84 percent. Single men 
can then expect to suffer a reduction be- 
yond that of married men of an additional 
23 percent of their original earnings when 
poor health strikes. This suggests that the 
wife’s nursing and care services are a sub- 
stantial substitute for the husband’s time in 
the provision of health maintenance ser- 
vices. As a result, the married man can re- 
main more in the market for given health 
levels. i 

The interesting question arises whethey 
the “quality” of the wife measured by hér 
level of education will also affect the degre 
of labor force withdrawal of unhealthy 
married men. Theoretically the answer is 
ambiguous since schooling is likely to in- 
crease the female’s efficiency in health 
maintenance, implying a reduction in male 
withdrawal from the market, and also likely 
to increase her market wage, with the op- 
posite effect on male labor supply. Regres- 
sions identical to that reported in Table ly, 
column (2), were run separately for marred 
men whose spouses had twelve or mor® 
years of education and those whose spouses 
has less than twelve years of education. The 
results, not reported here, suggest very little 
difference in male labor supply reduction as 
men with highly educated wives withdrew 
0, 152, and 1169 hours when health was 
good, fair, and poor; while men with low 
educated wives withdrew 69, 191, and 1240 
hours per year. The maximum difference is 


HA test of the equality of the health variables a 
was also undertaken and rejected at the | per = 
level. E 
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_ynever greater than 71 hours per year or less 
‘than two normal weeks. 


B. A Simultaneous Model of Male 
Work Hours and Other Income 


The empirical estimates of the preceding 
section indicate that the labor supply (and 
therefore earnings) of older males drops 
sharply with poor health. An important 
social question remains, however, of how 
adequately transfer income and earned in- 
`- come of other family members compensate 
Prior this loss. In this subsection I attempt 
to provide estimates of the effects of other 
_ income on male labor supply, and effects of 
| male labor supply on other income, using 
| simultaneous methods. This should allow 
| us to determine whether the other income 
| of the family conditions labor supply be- 
havior of the male and, more importantly, 
= whether male labor supply reductions in- 
_ duce increased transfer income and earn- 
-ings by the spouse. 
' In the simultaneous model below, total 
ie other family income was divided into two 
components: the sum of wealth income and 
nonwork related transfer payments; and the 
sum of work related transfer income and 
earned income of other family members. 
The former was assumed to be exogenous 
to the system and was initially treated as 
an explanatory variable in labor supply, al- 
though it was later dropped because it 
_ showed positive wealth effects on labor 
_ supply.” The second sum is assumed to be 
, endogenous in this system and will be called 
t simply “other income.” 

The content of the vectors of exogenous 
variables which would be expected to enter 
the male work hour and other family in- 
come equations remains to be specified. 
The exogenous variables in the work hours 
equation have been discussed at length 
above; the relationship will be assumed 
similar to that reported in Table 1. The 
exogenous variables in the other income 
equation presumably include factors which 

- influence the earning power of the wife 


124 complete model would no doubt treat assets 
and asset income as an endogenous variable. 
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(schooling, her health, etc.) as well as fac- 
tors likely to affect the size of transfer flows 
(number of dependents and urban resi- 
dence). 

Turning to the estimation results, one 
will find the reduced form estimates of 
hours and other income reported in Table 
2, columns (l) and (2). The estimates of 
coefficients in the work hours regression are 
not much different from the earlier results 
reported in Table 1, although the coefficient 
on one additional variable, wife’s health for 
married men is interesting. If the wife has 
an activity limiting health problem, the 
husband works an average of about 100 
hours less than he otherwise would, pre- 
sumably because he must increase his home 
production time. We will consider this issue 
at greater length in the next section. 

The other income reduced form estimates 
in column (2) have not been discussed 
above and bear closer examination. Other 
income is substantially higher for men with 
healthy, well-educated spouses. The signifi- 
cant quadratic form for wife’s schooling in 
this equation suggests that other income in- 
creases at an increasing rate with wife’s 
education. If the wife has an activity limit- 
ing health problem, other family income is 
reduced by an average of more than $500. 
Other income, however, rises with various 
indices of poor health in the husband, pre- 
sumably due to some combination of wel- 
fare and adjustments in other family earn- 
ings. The reasonably small sizes of the 
health effects on transfers and other family 
earnings, under $1,000 in the case of poor 
health in the husband, suggest that the et- 
fect of male labor supply on other income is 
substantial but well short of fully compen- 
sating the workers in poor health. Urban 
residence corresponds to about $300 more 
in other income for the family. 

Two-stage least square estimates of the 
structural equations are reported in Table 
2, columns (3) and (4). The coefficient of 
male hours on other family income is sig- 
nificant and indicates that other income in- 
creases by about $0.75 for every one-hour 
reduction in male hours worked. The coeffi- 
cient of other income in the hours equation, 
however, is insignificant and indeed posi- 
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TABLE 2—ANNUAL WORK HOURS AND OTHER INCOME OF MALES, 45-59, 
IN 1966, REDUCED FORM AND STRUCTURAL EQUATIONS? 


Reduced Form Structural? 
Other Other 
Dependent Hours® Income? Hours Income 
Variables (1) (2) (3) (4) 
Hours*° - - i - ~0.74 
(6.38) 
Other Income*4 -= - 0.03 - 
(1.33) 
Skill 
S 38.28 144.3 44.17 3.75 
(3.15) (3.72) (3.68) (9i 29) 
S? —1.74 7.70 —2.08 
(2.70) (3.76) (3.37) 
Blue -300.1 344.9 — 335.3 ~ 
(11.35) (4.09) (12.23) 
Family 
M 130.4 1766 232.2 1532 
(1.24) (5.27) (4.74) (4.63) 
Mx SW 27.39 —238.9 - — 126.4 
l (1.37) (3.74) (2.04) 
M x SW? ~0.96 21.21 - 15.40 
(0.96) (6.64) | (5.02) 
M x HWS — 123.5 —551.0 - — 126.4 
(3.94) (5.50) (2.04) 
Depend 13.64 — 85.08 18.10 ~87,97 
(1.91) (3.74) (2.43) (3.97) 
Demographic i 
Age —8.75 10.81 —10.41 ~ 
(2.91) (1.13) (3.41) 
Urban! 155.0 281.7 - [59.3 
(5.93) (3.38) (1.88) 
Market 
Unemp — 18.21 27.29 — 17,86 —44.98 
(3.24) (1.52) (3.10) (2.45) 
Health 
HE - — -— - 
HG — 62.40 183.3 — 57.94 ~ 
(2.22) (2.04) (2.02) 
HF —221.4 342.4 —220.3 - 
(6.08) (2.94) (5.95) 
HP ~ 1303 599.0 — 1315.0 os 
(24.63) (5.92) (23.30) ` 
Zonstant 2596 —1213 2558 1776 
(14.56) (2.13) (14.06) (6.74) 
R? 0.26 0.12 - - 


Source: National Longitudinal Survey. 

a Absolute values of f-ratios are in parentheses. Notation not detned here can be 
found in Table 1. The sample size is 3,428. 

‘The structural equations were estimated using two stage least squares procedures. 
Annual work hours. Asterisk denotes instrument derived from column (1). 

4Total other family income less asset and nonwork related transfer income. Asterisk 
derotes instrument derived from column (2). 

“Dummy equal to one if wife has an activity limiting health condition. 

‘Dummy equal to one if urban residence. 
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tive. Taken at face value these results sug- 
rest that male hours affect the earnings 
behavior of other family members and the 
flow of transfer payments, but are not 
themselves affected by the size of these other 
income flows. The latter result, however, 
must be held with some caution since the 
instrument used for other income has an 
R? of only 0.12, suggesting that almost 90 
percent of the variation in other income has 
been discarded in the estimation process. 
The instrument may not be very useful in 
this case. Most of the other coefficients are 
Mot substantially changed from the reduced 
form estimates. 

To throw some light on the question of 
whether it is other earned income or trans- 
fer payments that primarily account for the 
increase in other family income when male 
work hours are reduced, the simultaneous 
estimation was repeated for married men 
only, and other income limited to other 
earned family income. The reduced form 
equation for other earned income in this 
model (not reported here) indicates that 
mis income is fairly insensitive to the health 
"status of the male. Income increases by 
$130, $235, and $182 as health drops from 
excellent to good, fair, and poor, respec- 
tively. In the structural equations, the esti- 
mated coefficient of hours on other family 
‘income is sharply reduced in magnitude 
from the preceding model. A loss of one 
| hour worked by the male is offset by only 

about $0.23 increase in the earned income 
of other family members. Apparently most 
iof the income compensation for health in- 
duced variation in husband work hours re- 
ults from transfer payments and not from 
work adjustments of other family members. 
Dividing the sample according to wife’s 
education (SW > 12, SW < 12) and rees- 
timating the equations does not materially 
alter these conclusions (the full results are 
not reported here). The insurance value of 
more highly educated wives is substantially, 
if not statistically significant, above that 
of less educated wives. For every reduction 
.of one hour in male work hours, other 
family earned income rises by $0.49 for 
ighly educated wives and only $0.14 for 


























less educated wives with respective t-values 
of 1.72 and 1.06. While interesting, in 
neither case is the effect statistically signifi- 
cant at customary levels. 

Apparently other family members do not 
go into the market in a strong and systema- 
tic way when the husband falls ill. This may 
partially result from the fixed costs of either 
entering the market if one does not cur- 
rently have a job or of increasing one’s 
hours if one is already in the market. The 
model of the preceding section, however, 
suggests this result might be due to the in- 
creased home time demands of the wife 
while the husband is ill. The question of 
intrafamily time allocation is pursued in 
more detail in the next section with a data 
set which allows exploration of the behav- 
ior of home production hours as well as 
market hours. 


II. Health and Intrafamily Time Allocations 


In this section I examine the impact of 
health problems on the nonmarket as well 
as market time of husbands and wives using 
data from the Productive Americans Sur- 
vey (PAS).” This survey includes time bud- 
get data on productive work hours in the 
home (cooking, cleaning, house mainte- 
nance) as well as in the market. The health 
measures are less complete in this survey. 
Only information on the existence of a 
work limiting health condition is available, 
a variable that must be viewed with some 
caution in a labor supply study.“ Nonethe- 
less, the results should provide some useful 
insight into the complete family time alloca- 
tion when husband or wife fall ill or are dis- 
abled. 


3The PAS is a single survey carried out in early 
1965 with observations on 2214 families of all ages. 
See Morgan et al. (1966). 

l4The correspondence between a measure of this 
sort and the one on health status used earlier is quite 
rough. For the NLS sample which contains both 
measures, almost all respondents (95.9 percent) who 
reported themselves in poor health also reported a 
work limiting health condition. Many with a work — 
limiting condition, however, felt themselves in good 
and even excellent health. 
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TAELE 3-—HEALTH COEFFICIENTS IN ANNUAL 
PRODUCTIVE HOURS REGRESSIONS: 
MARRIED MEN, 45-64, AND 
MARRIED WOMEN, 40-644 


Market Home Total 
Work Work Work 
Variable (1) (2) (3) 
Married Men 
HLA-H> —695.24 2.72 — 692.5] 
(8.91) (0.07) (8.58) 
HLA-W> 31.96 193.68 225.64 
(0.28) 3.55) (1.93) 
Married Women 
HLA-H 136.56 — 28.31 108.25 
(1.63) (0.30) (1.10) 
HLA-W —361.14 — 20.85 — 381.99 
(2.89) (0.15) (2.59) 





Source: Productive Americans Survey. 

4Absolute values of t-ratios are in parentheses. 
Sample size was 605 for male sample, 737 for females. 
‘Other variables included in the regression are age, 
schooling, biue-collar status, and race. 

bDummy equal to one if health limits or prevents 
work; zero otherwise. Hyphen H denotes a husband 
variable, hyphen W a wife variable. 


In Table 3 I report the estimated annual 
market and kome work hours effects of the 
presence of an activity limiting health con- 
dition for the husband (HZA-H) and the 
wife (HLA-W). In column (1), estimates of 
market work are reported. Consistent with 
the results reported in the preceding sec- 
tion, the husband’s poor health forces a re- 
duction in his work hours of about 700 
hours annually, His wife’s health problems 
induce a modest and statistically insignifi- 
cant increase in his work hours of about 30 
hours annual_y. This is inconsistent with the 
significant and negative coefficient of wife’s 
health on market hours in the NLS sample 
(see Table 3. column (1)) of about 115 
hours. The impact of health on the male’s 
home work (column (2)) corresponds with 
expectations. The husband’s health status 
has no effect on his home work hours al- 
though poor health in his wife leads to a 
statistically siznificant increase in his home 
work hours. On average the husband seems 
to increase his home work by about 200 


| 


| 
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hours when his wife develops a health 
problem. 

Comparable regression results are re- 
ported for married women, 40-64, in Table, 
3. For married women, poor health in- 
volves a reduction in market hours of about. 
361 hours annually and no significant 
change in home work hours. Total work 
hours, both market and home, then drop 
by about 380 hours. The poor health of the 
husband leads to an increase of about 140 
hours in market work and a small and in- 
significant decrease in home hours. Th 
latter is made possible, one might conje@™ 
ture, by the ability to substitute tasks with- 
in home hours—for example, nursing for 
cleaning. 

The combined effect of poor health of 
the husband on total family work hours is a 
loss of 560 market hours and unchanged 
home hours, The effect on family hours of 
poor health of the wife is a loss of about 
330 market hours and a gain of 173 home 
hours. The husband works about 600 hours 
less in total when he is ill, the wife about: 
400 hours less when she is ill. When tig 
spouse is ill, men increase their work hours 
and decrease their leisure by about 200 
hours; largely in home production, while 
women increase their work hours by about, 
100 hours, largely in market work. 

Separating the two samples by the 
schooling of the female (less than twelve 
years and greater than or equal to twelve 
years) revealed only modest differences by 
type of household. Wife’s health difficulties 
did induce a somewhat different time ano 
cation by the male in these two groups, 
Males with less educated wives tended id 
increase home work hours by 279 hours 
while reducing market hours by 91 hours. 
Males with more educated wives increased 
home hours by only 73 and increased mar- 
ket hours by 207. Only the result for home 
time of the husbands of less educated 
women was statistically significant however. 
Apparently males in low education families 
find it more economical to substitute their 
own time in household activities when their, 
wives fall ill, while males in higher educa] 
tion families substitute market goods. ` 
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5 Similarly female market work is more 
sensitive to health problems in the spouse 
among well-educated women. The positive 

_ market work hour effect of husband’s poor 

| health, noted in the sample as a whole, is 

` solely due to the response of highly edu- 

_ cated wives who increase their work in the 
market by 270 hours. The less well-edu- 
cated wives did not increase their market 
hours at all when the husband encounters a 
health difficulty. This differential response 
is perhaps due to the easier access of well 

Raa females to the labor market. 


IV. Conclusion 


The main objective of this study has been 
the exploration of the interrelation of 
health and allocation of time within the 
family. Particular attention is paid to health 
effects on the joint labor supply of hus- 
bands and wives and to the differential 
labor supply responses to poor health of 
married and single men. The impact of 

“health on home production hours of the 
family is also considered. The results are 
of more than academic interest as they give 
an indication of how well older individuals 
and families can economically cope with 
poor health. 

The empirical analysis of the labor sup- 
ply of older men (ages 45-59) from the NLS 
demonstrates the importance of family 
structure in conditioning the labor supply 
response to poor health. An individual in 
poor health works on average 1300 hours 

| iess per year than similarly educated (and 
aged) men in excellent health. The work 
hours reduction for married men is however 
450 hours less annually than for single men 
(or more precisely men with no spouse 
present). Considered from a standard 2000 
hour year the decline in annual hours for 
single men in poor health is 84 percent of 
a full-employment year while only 61 per- 
cent for married men. This evidence is con- 
sistent with the notion that married men 

- can marshal resources other than their own 
time, particularly their wives’ time, to aug- 
ment the health of the male. This effect is 
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largely independent of the wife’s education 
level. 

A simultaneous model of male labor sup- 
ply and other family income is also esti- 
mated on the NLS data to determine the ef- 
fect of other family income on male labor 
supply and male labor supply on other 
family income. The models suggest that 
other income does not have a substantial 
effect on labor supply but that male labor 
supply has a significant effect on other 
family income. Total other income is esti- 
mated to increase about $0.75 for each one 
hour reduction in work hours of the older 
male. About two-thirds of this subsidy 
comes from social welfare sources, one- 
third from increased earnings of other 
family members. Other family income in- 
creases substantially only in households 
where the wife has high levels of education. 

Finally, in Section HI time budget data 
from the PAS are used to trace out more 
fully health effects of family time decisions. 
For both husbands and wives, one’s own 
health problems appear to lead to substan- 
tial market time withdrawals (about 700 
hours and 350 hours, respectively) while 
home work hours remain unchanged. As 
one might expect, illness in one’s spouse 
leads to quite different time allocation re- 
sponses as men increase their home produc- 
tion time, women their market work time. 
These work time increases appear to come 
largely from leisure time in both cases. 

Clearly the results reported in this paper 
represent only the beginning of the investi- 
gation of the family as an informal health 


„service organization. A particularly crucial 


element that requires further study is the 
role of wage rate variations and other pro- 
ductivity effects of poor health in this 
choice structure.” A number of other re- 
searchers have found significant racial dif- 
ferences in labor supply response to poor 
health so this again may be a useful area for 
further exploration. 


15 Again see Grossman and Benham. 
16See Berkowitz and Johnson, Scheffler and Iden, 
and Luft (1975). 
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Trade Creation and Trade Diversion in the 


Council of Mutual Economic Assistance: 
1954-70 


| 
: 
By JOSEPH PELZMAN* 


The Council of Mutual Economic Assis- 
tance! (CMEA) has been in existence since 
January 1, 1949. Despite the fact that its 
creation? was attributed to the establish- 
Ment of the Organization for European 
Economic Cooperation (OEEC), its de- 
clared ultimate goal was the promotion of 
a process of integration among the East 
European countries.? 
| „For the Soviet Union, economic integra- 
an is primarily a means of increasing its 
political and economic control over the 
other CMEA member states. On the other 
hand, for the more developed members of 
CMEA, economic integration is a natural 
‘outgrowth oftheir desire to industrialize 
and maximize the economic gains from 

ade and cooperation.* 


*Assistant professor of economics, University of 
South Carolina. I am grateful to the managing editor 
of the Review and an anonymous referee for their 
helpful comments on an earlier draft of this paper. 
Responsibility for any errors is solely mine. 

Substantial portions of this article were previously 
| published in the ACES Bulletin, Vol. XVUI, No. 3, 
Fall 1976, and this material appears here with the per- 
mission of the Association for Comparative Economic 
Studies. Discussion of the article and a reply appear 
in the same journal, Spring 1977. 

[The CMEA member countries are: Bulgaria, 

zechoslovakia, East Germany, Hungary, Poland, 
Romania, and the USSR. 

2The most plausible reasons for CMEA’s origin 
are presented in Michael Kaser,.chs. 1, 2, and in I. T. 
Berend, pp. 15-17, 

3The communique published on January 22, 1949 
declared that the CMEA was created “on the basis of 
equal representation and with the task of exchanging 
economic experience, technical aid and rendering 
mutual assistance with respect to raw materials, food- 
stuffs, machines, equipment, ete...” Heinz Kohler 
(pp. 377-95). 

Economic integration is defined as a process aimed 
at reducing the disparity between scarcities in the 
various CMEA countries by eliminating obstacles to 
Trade. 

'4See the author (1976a, ch. 3). 


Beginning in the early 1960’s, the shift 
from an extensive to an intensive growth 
policy in response to the decline in growth 
rates created a drive towards economic inte- 
gration within CMEA. The desire to in- 
crease the static gains from international 
trade was further prompted by its expected 
contribution to rapid industrialization and 
efficiency. This shift to intensive growth 
combined with the desire for rapid indus- 
trialization has also meant greater decen- 
tralization of economic decision making 
and the use of limited market mechanisms.° 

The CMEA as it exists today differs from 
the EEC customs union in one major re- 
spect. It does not rely on a clearly defined 
common external tariff. A proxy of such a 
tariff, however, originates in the annual bi- 
lateral negotiations between the CMEA 
member states. Consequently, it is quite 
possible to find the existence of trade crea- 
tion and/or diversion as effects of economic 
integration within CMEA. 

The analysis of trade creation and/or di- 
version in this study is of an ex post type. 
The model utilized to determine these ef- 
fects is a cross-sectional trade-flow model 
of the type developed by Jan Tinbergen, 
Pentti Poyhonen, Kyosti Pulliainen, and 
Hans Linnemann. Using this cross-sectional 
trade-flow equation to empirically test the 
integration effects of CMEA we initially 
pool the cross-sectional and time-series data 
for both aggregate and disaggregate trade 
flows. In the case of disaggregate com- 
modities, because we cannot rule out the 
possibility that the regression disturbances 
in different equations are mutually corre- 
lated, we use the estimating procedure de- 


5For a further discussion of the links between inter- 
national trade, industrialization, and the reforms, see 
the author (1976a, ch. 2). 
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veloped by Arnold Zellner (1962, pp. 350-’ 


52). We then begin to test our hypothesis 
that the linear regression system obeys two 
separate regimes. The use of Quandt’s 
maximum likelihood technique (1958) and 
likelihood ratio test proves to be a superior 
Statistical procedure than the use of dummy 
variables in determining the first year in 
which integration effects occurred.°® 

After the existence of a structural break 
has been shawn, we proceed to reestimate 
the trade-flow equation for a stable pre- 
integration period. In order to make a 
proper projection of the trade creation 
and/or diversion effects, this, equation is 
recalculated, leaving out the trade prefer- 
ence variable. 


L The Model and Procedure 


The commonly defined integration effects 
are trade creation (TC), trade diversion 
(TD), and gross trade creation (GTC).’ The 
TC effects refer to the emergence of new 
flows of trade among the partner countries 
replacing domestic production; TD refers 
to the replacement of nonpartner imports 
(low-cost products) by partner country im- 
ports (more costly products). The 7D and 
TC effects combined result in GTC, which 
signifies a growth in trade among the mem- 
ber countries, regardless of the reason for 
this growth. 

A large number of empirical models deal- 
ing with these ex post measures of integra- 
tion are available. One such model focuses 
on the market shares of imports in apparent 
consumption (see Edwin Truman, pp. 
206-12). Another is based on import de- 
mand equations with one single national 
variable (see Balassa, 1967, pp 5-11). A 
third model reconstructs the no-integration 
or normal level of trade based on demand 


©The use of dummy variables to measure the EEC 
effects was presented by Norman Aitken. The pro- 
cedure used here is considered superior to that used 
by Aitken because it not only identifies the shift in 
structure but also allows one to create a confidence 
interval around that switching point. Moreover, this 
statistical procedure associates the structural shifts 
with our a priori hypotheses of the political events 
within CMEA. 

"See Bela Balassa (1967, p. 5). 
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equations using multiple regressions (see 
Mordechai Kreinin, 1969, pp 274-76). 
While statistically and logically sound 
procedures, none of these approaches could 
be used to measure the integration effects ‘of 
CMEA. In general, the requirement in 
terms of the amount and quality of data 
necessary for all these models could not be 
met from the data available.’ To measure 
the effects of the CMEA on the trade flows 
of its member countries would require the 
use Of a modified gravity trade-flow model, 
which does not directly incorporate prices. 
The trade-flow equation is: 


(1) logXy = go + gilog Yf + glogYř | 
+ gslog N; + g4log N; 
+ gslog Dy + gslog Py + loge; 


where Yy = the dollar value of ïs exports 
to j 
the nominal GNP of country i 
and jin U.S. dollars | 
N; N; = the populations of country i 
and j 
ij = the distance between the com 
mercial centers of the t 
countries (geographic distance) 
Py = a dummy preference variable 
reflecting membership in the 
CMEA. The value 2 is assigned’ 
to intra-CMEA trade while the 
value 1 is assigned to inter- 
CMEA trade flows 
log refers to natural logs 


ee a 









D 







This general equilibrium reduced-form 
model specifies that trade between country 
i and j is determined by the relative size o 
their foreign sectors. In turn, country ix 
potential foreign supply depends on its 
national product Y, and on the ratio be- 
tween production for the domestic market 
and production for foreign demand ex- 
plained by differences in population. Given 
economies of scale, the larger N is, the! 
larger will be the domestic market to for- 
eign market ratio, and the smaller the po- 
tential export supply of the country. The 
variables Y, and N; together determine the 
potential import demand for country j for 


8For a discussion of the data limitations and sources 
see the author (1976a, pp. 99-102, and Appendix A). 
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a similar argument. The Dy is a proxy vari- 
“able for natural trade resistance. Conse- 
quently, Dy along with N; and N; is hypothe- 
sized to have a negative effect on Xyp. The 
dummy variable Py is used to reflect mem- 
bership in the CMEA group. The estimated 
i coefficient on the dummy variable measures 
to what extent intra-CMEA trade flows 
were augmented. 


A. Aggregate Trade Flows 


_. The aggregate trade flow sample consists 
OF 350 trade flows per year for the 17-year 
period, 1954-70. The trade-flow matrix will 

therefore consist of 5950 observations on 

8 variables (1 dependent variable and 7 in- 

dependent variables including the constant 

term).’ 
This matrix can be written as a system of 
17 equations, where the uth equation can be 
represented as: 


2) log X, iju 


where log X;;,, is a 350 x | vector of observa- 
tions on the ‘uth dependent variable, Y, isa 
350 x 7 matrix of observations on 7 inde- 
pendent variables, g, is a 7 x l vector of re- 
gression coefficients and log e, is a 350 x | 
vector of lognormally distributed error 
terms, with E(/oge,) = 0. The To of 
which (2) is an equation is: 


= log Y,g, + loge, 







| log Xj 
(3) = 
l log ae 
log Y,0......0 |[ £ log e, 
| ; : : 
Oenes log Yr JL 8r log er 
 whereT = 17 


’Our sample includes the following CMEA coun- 
tries: Bulgaria, Czechoslovakia, East Germany, Hun- 

| gary, Poland, Romania, and the USSR. The Western 
_sountries considered are the following: Austria, 
. Belgium-Luxembourg, Canada, Denmark, Finland, 
France, West Germany, Greece, Iceland, Ireland, 
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Running a pooled regression over all time 
periods and all Xy we begin to test our 
hypothesis that the linear regression system. 
obeys two separate regimes, 2- -bélieve that 
a major break in the- ‘system should have 
occurred after the signing of the ““Basic 
Principles” in June 1962. Furthermore, 
there is some information with respect to 
joint planning in 1958; 1959"! which leads 
one to believe that another break may have 
occurred at that period as well. Each of 
these breaks is understood to represent 
structural changes leading to an increased 
state of integration within CMEA. 

The actual procedure to test for the loca- 
tion of this unknown breaking point in- 
volves the use of Quandt’s maximum like- 
lihood technique and likelihood ratio test.” 





Italy, Japan, Netherlands, Norway, Portugal, Spain, 
Sweden, Switzerland, Turkey, United Kingdom, 
United States, and Yugoslavia. There are 308 inter- 
CMEA trade flows and 42 intra-CMEA trade flows. 

104 number of factors compelled me to choose this 
technique. First, the exclusion of the price variable in 
this trade-flow model implies that the market clearing 
quantity depends on demand and supply factors but 
not on the price variable. Linneman, therefore used 
data averaged over a 3-year period to reflect this 
equilibrium characteristic. However, Helen Junz and 
Rudolf Rhomberg, p. 452, have found that data over 
a longer time period should be used to eliminate the 
influence of short-run price changes. Secondly, the 
cross-section equation alone is static, thus paying 
no attention to the development of trade over time 
(Tinbergen, p. 263). However, we are interested in 
capturing structural shifts which might develop in the 
long run because of integration. 

''In December 1958, a session meeting in Prague 
impleménted specialization agreements in the produc- 
tion of chemicals and joint construction of an oil 
pipeline. Later in 1959, agreements were reached with 
respect to specialization in rolled products, mining 
machinery, civil engineering, oil’ refining bearings, 
and rolling mill equipment. After the “Basic Prin- 
ciples” in 1962 CMEA made a very important deci- 
sion to endorse greater specialization in production 
and international trade. See Kaser (pp. 153-74) and ' 
the author (1976a, ch. 3) for a further discussion of 
intra-CMEA cooperation. 

I2To find the best estimate of this break t* we 
choose the value of t for which L(t) reaches the highest 
maximum. 


Lit) = —T log V 2x — t" log & 
— (T — t*) log, — T/2 


where @, and @, are the standard errors of the esti- 
mates of the left-hand and right-hand regressions, 
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After the existence of a structural break has 
been shown, we proceed to reestimate the 
- trade-flow equation for a stable period prior 
‘to the break {which we attribute to integra- 
tion). In erder to make a proper projection, 
this equation is recalculated, leaving out the 
trade prezerence variable. Projection esti- 
mates which are based on this equation are 
made on the basis of the usual assumption 
that the effect of changes in competitive 
position and trade liberalization on trade 
has been small relative to the effects of inte- 
gration. 

The difference between the actual intra- 
CMEA trade flows and the hypothetical 
intra-CMEA trade flows of CMEA’s pre- 
integration structure is taken to be indica- 
tive of the GTC effects. The difference be- 
tween the actual inter-CMEA trade flows 
and the preintegration inter-CMEFA trade 
flows will indicate the TD effects. The re- 
sulting difference between the GTC and TD 
effects will be indicative of the TC effects. 


B. Duaggregate Trade Flows 


The disaggregate trade-flow sample con- 
sists of 37 commodity classifications for the 
years 1958 to 1970. The total number of 
trade flows per year and commodity will be 
330. The trade-flow matrix will therefore 


respectively. Onze we determine the best estimate of 
t* we proceed to tést the hypothesis that no switch oc- 
curred during tre period in question. Our alternative 
hypothesis is that one switch occurred specifically at 
t* given, by the maximum maximorum of L(t). For this 
purpose we use a likelihood ratio test derived by 
Quandt. The likelihood ratio A is defined as: 

ayo" 

A= f 


o> 


where @ is the standard error of the estimate for a 
regression taking into account all observations, &| 
and G2 are the standard errors of the estimates of the 
left- and right-hand regressions, respectively, and 
where t* has been chosen so as to minimize À. nor 
large T, —2 log A is asymptotically distributed as xê. 
For a detailed discussion of the test see Quandt (1958, 
pp. 875-75). A derivation of a generalized maximum 
likelihood technique may be found in the author 
(1976b, pp. 28-39). 


| 
| 
I 
i 
i 
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| consist of 4290 observations on 8 variables 


per commodity." 

As in the case of aggregate trade flows, 
we expect each of the equations to satisfy 
the assumptions of the classical normal 
linear regression model. However, since we 
are dealing with disaggregate commodities 
we cannot rule out the possibility that the 
regression disturbances in different equa- 
tions are mutually correlated. Specifically, 
we contend it is possible that there may 
exist some common factors that affect the 
trade decision of countries for a specific 
commodity in a given period.” Thus thet 
may exist a link between the mth and the 
pth equation and that link is represented 
only in the covariance of the disturbances 
of the mth and the pth equation. Because 
this link is so subtle, we can call this sys- 
tem of T equations (3) a system of “‘seem- 
ingly unrelated regression equations.” 

Our assumption of correlation between 
equations, therefore, suggests that an effi- 
cient estimation of our model of reduced- 
form equations, where each endogenous 
variable is a function of a set of exogenous, 
variables and the only link between th 
mth and pth equation is Smp, is ‘the proce- 
dure developed by Zellner (1962, pp. 350- 
52). Essentially, this procedure regards (3) 
as a single equation regression model and 
applies Aitken’s generalized least squares. 

The procedure involved in testing for the 
location of the unknown breaking point 
and reestimation of the trade-flow equation 
is identical to that used for aggregate trade 








3The intra-CMEA disaggregate foreign trade dat 
which we possess is limited to Soviet trade data by 
three-digit Uniform CMEA Foreign Trade Commodity 
Nomenclature (CTN } for 1954-1970, Czech foreign! 
trade data by three-digit CTN from 1958 to 1968 and! 
by Standard International Trade Classification-Revised 
(SITC) from 1968 to 1970. Our Polish data in three- 
digit CTN detail is, however, limited to the years 
1964-67. We are thus faced with the problem that the 
Soviet Union and Czechoslovakia are the only CMEA 
countries which publish a full set of disaggregate trade 
flows for the years 1958-70. The solution to this data 
availability problem is to employ the mirror statistics 
of Czechoslovakia and the Soviet Union. For a more 
detailed discussion of the problems involved see the 
author (1976a, Appendix A). te. 

14Such as a bad harvest or oil price rises. 
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flows. Projection estimates of GTC, TD, 
‘and TC are made on the basis of the usual 
assumptions presented above. 
| 
H. Empirical Results 
A. Aggregate Trade Flows 


| The estimated parameter values for the 
pooled regression for 1954-70 is: 






























op log X, = 6.72 + .788 log Y" 


(.03) 
+ 954 log YY — .177 log N; 
(03) (04) 


— .283 log N; — 1.229 log D; + 2.788 log P 
(.04) (.03) (.10) 


R? = .58; standard errors are shown in 
parentheses. All coefficients are statistically 
significant at the 0.01 level. 

The coefficients of the trade-flow equa- 
tion for the 17-year period confirm the ex- 
pected theoretical pattern. In fact, our re- 
tession results and in particular an R° of 
.58 show that we have a respectable fit.! 
Based on Quandt’s maximum likelihood 
technique and likelihood ratio test, I 
conclude that two breaks, and not one, 
occurred. A maximum maximorum- is 
reached in 1964 and another local maxi- 
mum in 1958.!6 

The earlier break in 1958 points out that 
the break with the Stalinist development 
program after 1954 and the attempts made 
towards joint planning did in fact create a 
wew structure. Yet this new structure can- 
not be viewed as representing a state of 
integration. In fact, it represents a period 
where a policy of autarky was abandoned in 
favor of a policy where international trade 
would play a greater role. The structural 


'SThe R? in our regression is as high as the one 
found by Linnemann. The best R? achieved by Linne- 
mann in a worldwide sample for 1958-60 was 0.64. 
A further comparison of these results with those of 
Linnemann, Glejser, and Pulliainen confirms both the 
direction and magnitude of the income and popula- 
ign elasticities. 
6See the author (1976a, pp. 106-08). 
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break in 1964 can, however, be attributed to 
the beginning of integration." 

Given the above results, I decided to re- ` 
calculate the trade-flow equation for a 
stable period between the two breaks. The 
years chosen for this period were 1960-64. 
This recalculated equation, when the 
dummy variable for CMEA membership is 
removed, should represent a stable preinte- 
gration structure. Based on this equation we 
estimate inter- and intra-CMEA trade for 
the years 1965-70. 

The pooled equation for 1960-64 is: 


(5) logX, = 8.574 + .580log YY 
(.08) 


+ .910log YY + .11llog N, 
(.08) (.08) 


— .178log N; — 1.509 log D; 
(.08) (.05) 


R? = 52; standard errors are shown in 
parentheses. All coefficients except for N; 
are significant at the 0.01 level. The popula- 
tion elasticity for N, is not significantly dif- 
ferent from zero.® 

In Table 1 the GTC, TD, and TC effects 
of CMEA integration as well.as the total 
trade figures for CMEA are presented. Note 
that since economic integration is pre- 
sumed to be a cumulative process, one 
should find estimates of trade creation in- 
creasing from year to year with no reversals. 
In fact, our results in the case of CMEA as 
a whole confirm these expectations. Yet 
despite the increase in total trade and the 
existence of trade creation, an examination 
of the TD figures points out that with the 
exception of 1970, the CMEA member 


17In the post-Stalinist period a great deal of plan- 
ning towards integrated development took place. 
However, most of the recommendations remained just 
that. It was only after the 1962 “Basic Principles” that 
one notices some partial changes in intra-CMEA 
economic cooperation. For further discussion of the 
CMEA see the author (1976a, ch. 3). 

18, innemann, p. 15, attributes the negative influ- 
ence of N on economies of scale in production. Leamer 
and Stern on the other hand, p. 153, suggest that the 
negative influence of N may be explained by oppor- 
tunity cost theory. Typical estimates find the popula- 
tion elasticities around —.2 and not always signifi- 
cantly different from zero—consistent with our find- 


` Ings. 
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TABLE 1—NeET EFFECT OF CMEA INTEGRATION ON CMEA : j 
(Millions of U.S. Dollars) a 


Year GTC TD TC Total Trade# 
1965 9202.87 — 769.4} 9972.28 16496.98 
1966 9235.08 —856.85 10091.93 17292.62 
1967 10299.95 — 904.39 11204.34 18986.17 
1968 11263.27 —~813.18 12076.41 20607.39 
1969 12071.51 —429.95 12501.46 22481.53 
1970 13221.59 122.34 13099.25 24853.69 


Source: Trade flows between CMEA partners were provided by the Indiana University IDRC and ITIMS data 
bank. For a list of other sources, see the author (1976a, pp. 99-102). 
®Total exports o7 the CMEA member countries to the countries in the sample. 


countries cortinued to trade outside their 
customs union. ’ 

An evaluation of the individual country 
results’? confirms both our a priori expecta- 
tions and the results shown in Table 1. 
Moreover, these individual country esti- 
mates demonstrate that the only CMEA 
member countries which are effectively 
diverting trace from nonpartner to partner 
countries are Czechoslovakia and East 
Germany. 


B. Disaggregate Trade Flows 


The empirical analysis of the disaggregate 
trade flows was in general hampered by the 
lack of consistent reporting of disaggregate 
foreign trade flows by the CMEA countries. 
In fact, the Soviet Union, Czechoslovakia, 
and to a lesser extent, Poland, are the only 
members of CMEA which report a more or 
less consistent set of foreign trade statistics 
by commodity composition and partner.. 

While 37 disaggregated commodity 
groups were tested, the results for 34 of 
these commodity groups showed that only 
the preference variable was significantly dif- 
ferent from zero. A number of reasons may 
have accounted for these results. First, in a 
large number of these 34 commodities, the 
influence of Soviet CMEA member bilateral 
trade flows was very strong. This was con- 
firmed when an eighth independent vari- 
able, the total Soviet trade in each com- 
modity grour, was found to be significantly 


For individcal country estimates both for aggre- 
gate and disagg-egate results see the author (1976b, 
pp. 11-18). 


different from zero. Secondly, extra-CMEA | 
transactions in some groups, i.e., beverages 
and tobacco, mineral fuels, lubricants and 
related materials, are so small compared to 
the intra-CMEA flows that they may be 
considered inconsequential. 

The empirical results for the remaining 
three commodities, basic chemicals, iron 
and steel, and machinery other than electric 
were in fact consistent with the expected 
theoretical pattern and the aggregate results 
presented above. In the case of basic chem 
cals, these empirical results illustrate 
structural break occurring in 1964. Using 
the recalculated trade-flow equation (6) for 
the last preintegration year, we obtain 
estimates of GTC, TD, and TC effects of 
CMEA. 

The recalculated equation for 1964 is:” 
(6) log X, = —.84 — .083log YY 

© GID 
— Ollog YY + .239 log N, 
(.11) (.12) 
+ .l5log N; — .323 log Dy“ 
(.12) (.07) 


Standard errors are shown in parentheses. 


| 



















20 R2 coefficients for equations (6), (7), and (8) are 
not reported because an interpretable R? when using 
generalized least squares (GLS) estimation does not 
exist. Zellner’s estimation used in the analysis of dis- 
aggregate trade flows is simply the application of GLS 
estimation to a group of seemingly unrelated equa- 
tions. Furthermore, as Fisher points out “the orthog- 
onality properties of least squares which makes R? 
easy to interpret in terms of fraction of variance are 
not preserved” (p. 34) in the above case. In order 
appraise our results the standard errors of the con® 
ficients are provided. na 


VOL. 67 NO. 4 


í , 
PELZMAN: CMEA TRADE 719 


TABLE 2~—-Net EFFECT OF CMEA INTEGRATION ON CMEA IN BASIC CHEMICALS 


LK ° (Millions of U.S. Dollars) 

Year GTC TD TC Total Trade? 
1965 167.39 —118.50 285.89 306.02 
1966 163.65 — 147.71 311.36 325.42 
1967 180.23 — 155.79 336.02 354.73 
1968 203.63 — 159.68 363.31 421.79 . 
1969 206.41 — 185.03 391.44 409.92 
1970 221.13 —223.16 450.91 469.29 

aSee Table 1. 


| 

; In Table 2 the GTC, TD, and TC effects 
f CMEA integration on the trade flows of 
basic chemicals are presented. Note that the 
estimates of trade creation are increasing 
from year to year despite the existence of 
inter-CMEA trade in basic chemicals. ` 
| An evaluation of the individual country 
estimates for this commodity group con- 
firms the results presented in Table 2, as 
well as the aggregate results. While the 
CMEA members did experience trade crea- 
ion for this commodity during 1965-70, 
inter-CMEA trade flows were still in exis- 
nce. 
“The results for iron and steel, like those 
for basic chemicals, were significant. The 
empirical results again support the hypothe- 
sis of a structural break occurring in 1964. 
In this case the recalculated 1964 equation 
is: 


(7) log X, = —1.221 > .183log Y7 
(.11) 
+ .013 log Y + 418 log N, 
(11) (.12) 
(.12) (.08) 











Standard errors are shown in parentheses. 
The projected trade flows based on this 
recalculated equation with the dummy vari- 
able for CMEA membership removed are 
used to determine the estimates of the GTC, 


TD and TC effects of CMEA. The results 


presented in Table 3 again confirm our ex- 
pectations of positive trade creation. How- | 
ever, despite the existence of trade creation, 
the growth of inter-CMEA trade flows 
should be noted. In fact, an examination of 
the individual country estimates illustrates 
that in both Hungary and East Germany, 
inter-CMEA trade in iron and steel is larger | 
than intra-CMEA trade in the same com- 
modity. 

In the case of machinery other than elec- 
tric, the results of Quandt’s maximum like- 
lthood technique point to a structural break 
in 1962. Because this break comes so soon 
after the signing of the “Basic Principles” it 
suggests that this commodity group may be 
of greater importance to the CMEA mem- 
bers’ industrialization drive. 

Using the recalculated trade flow equa- 
tion for 1962, we estimate inter- and intra- 
CMEA trade for years 1963-70. The re- 


TABLE 3—-NET EFFECT OF CMEA INTEGRATION ON CMEA IN IRON AND STEEL 
(Millions of ‘U.S. Dollars) 


Year GTC ` TD TC Total Trade? 
1965 881.33 — 287.96 1169.29 1190.35 
1966 $21.41 — 339.49 1160.22 1182.00 
1967 _ 883.02 —315.67 1198.69 1219.98 
i 1968 900.88 — 339.23 1240.11 1260.80 
1969 1134.35 —410.35 1545.22 1565.77 
es 1970 1260.31 — 495.36 1755.67 1776.33 





4See Table 1. 
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TABLE 4--NET EFFECTS OF CMEA INTEGRATION ON CMEA IN MACHINERY OTHER THAN ELECTRIC 





(Millions of U.S: Dollars) r 
Year - GTC TD TC i Total Tradeê 
1963 1680.88 — 95.96 1776.84 1816.99 
1964 1817.37 — 141.79 1959.16 1998.81] 
1965 1898.19 — 128.08 2026.27 2069.12 
1966 1889.08 ~ 182.12 2071.20 2115.58 
1967 2039.18 — 185.40 2224.58 2270.98 
1968 2231.23 — 209.98 2441.21 2489.15 
1969 2283.12 — 209,28 2492.40 2541.84 
1970 2626.70 — 252.72 2879.42 2931.17 
a See Table |. 


calculatec equation for 1962 is: 


(8) logX, = =.114 + .228log YY 
(.11) 
+ .2log YN + .131logN, 
(.11) (.13) 
+ .002 log N; — .447 log D; 
(.13) (.09) 


Štandard errors are shown in parentheses. 
The projected GTC, TD, and TC effects 
are presented in Table 4. The results here 
- again corfirm our a priori assumption of 
trade creation increasing from year to year 
with no reversals. In fact, compared with 
the total trade figures the dollar value of 
trade creation is quite large. With the excep- 
tion of East Germany and Czechoslovakia, 
the other CMEA member countries have in 
fact diverted trade in this commodity from 
nonpartner sources to partner countries. 


HI. Concluding Remarks 


The empirical results are found to be 
consistent with my expectations and those 
‘presented by the theory. The results with 
respect to agzregate trade flows showed that 
the CMEA countries have .in fact experi- 
enced a cumulative growth in GTC and TC 
over the integration period 1965-70. The 
projected estimates of the size of the GTC 
effect ranged from $9.2 billion in 1965 to 
$13.2 billion in 1970. The estimates of TC 
ranged from $9.9 billion in 1965 to $13.1 
billion in 1970. 

In the cas2 of dissageregate trade flows, 
our results were not generally consistent 











with the aggregate. results. The greatest dis- 
crepancy arises when comparing the size of 
GTC and TC between the aggregate and 
disaggregate results. A reasonable explana- 
tion for this may be found in the lack and 
suitability of disaggregated CMEA trade 
flows. In fact, in those commodity groups 
where the data were both available and con- 
sistent with the SITC nomenclature, the re- 
sults were somewhat consistent with the 
aggregate results. 

In basic chemicals the size of GTC grew 
from $167 million in 1965 to $228 millioi 
in 1970, The value of TC grew from $285 
million in 1965 to $450 million in 1970. The 
size of GTC and TC effects in iron and steel 
also expanded from $881 million and $1169) 
million in 1965 to $1260 million and $1755 
million in 1970, respectively. Finally, the 
projected estimates of the size of the GTC 
and TC effects in machinery other than 
electric ranged from $1.6 billion and $1.7 
billion in 1963 to $2.6 billion and $2.9 bil- 
lion in 1970, respectively. | 

My empirical findings yielded the’ addi- 
tionally important conclusion that integra- 
tion did, in fact, occur after the signing of 
the “Basic Principles.” Moreover, these re- 
sults demonstrate that 1964 can be con- 
sidered the last preintegration year in 
CMEA. 
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Two-Sector Aggregative Models and the 


Dale Henderson and Thomas Sargent 
hereafter H-S) and Y. C. Park have ana- 
lyzed the effectiveness of monetary and fis- 
cal policy in the two-sector analogue of 
ames Tobin’s dynamic aggregative model. 
Contrary to the assumptions of Tobin’s 
odel, fiscal policy can affect real income 
n the H-S model. However, the sign of 
he effect of fiscal policy on real income de- 
pends on a number of conditions relating 
o the parameters of the money demand 
unction and the capital intensities in the 
two sectors. A somewhat more disturbing 
re sult is that the sign of the effect of fiscal 
policy changes as one changes, ceteris pari- 
us, the assumption of which sector is the 
ore capital intensive. The H-S results seem 
o imply that the analysis of the effective- 
ess of fiscal policy in the traditional /S- 
<M analysis is very sensitive to the assump- 
ion of a one-sector production technology. 
It is important to realize, however, that 
he H-S model differs from JS-LM analysis 
in two ways. Besides assuming a two-sector 
production technology, the H-S model also 
ssumes a perfect capital market, where the 
sset value of capital is always equal to 
eproduction cost. Sargent and Neil Wal- 
ace have analyzed a one-sector model with 
nd without the perfect capital market as- 
umption (without and with a disequilib- 
m investment demand function). They 
find that many of the strange results of 
obin’s model are eliminated if there are 
costs of adjusting the capital stock. For 
example, if the costs of adjustment are large 
nough, expansionary monetary policy low- 
ers the interest rate as in /S-LM analysis, 
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like to thank Dale Henderson for his patient help; 
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~ Investment Demand Function 
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contrary to Tobin’s results. Also, the stabil- 
ity conditions of the model imply that with 
costs of adjusting the capital stock, fiscal 
policy affects income and interest rates in 
much the same way as in ZS-LM analysis. 

This paper alters the H-S model to allow 
for an investment demand function based 
on costs of adjustment.’ In analyzing the 
comparative static results of this model one 
can determine whether the strange results of 
the H-S model are due to the assumption of 
a two-sector production technology or the 
assumption of a perfect market in existing 
capital goods. 

The profit-maximizing subsystem in the 
H-S model can be solved to yield the price 
level and the marginal product of capital as 
functions of the relative price of investment 
(see the Appendix). A general equilibrium 
occurs when the consumption good, 
money,’ and investment good markets are 
in equilibrium. 


0) g2 + C(Y - T) 
— Y,(K,N(Y, P1), Pi) = 0 


The assumptions underlying firm behavior neces- 
sary for an investment demand function in the H-S 
model are similar to the assumptions underlying in- 
vestment demand functions in JS-LM models. Firms 
are assumed to produce both consumption and in- 
vestment goods. It is also assumed that resources 
can be shifted costlessly between the production of 
both goods. The firm cannot, however, alter its total 
capital stock without incurring costs of adjustment. 
The /S-LM models add the further assumption that 
the production technologies are identical for both 
goods, and usually, also assume that the expected 
marginal physical product of capital is a constant. 

2There are only two asset market equilibrium con- 
ditions in the H-S model: money and nonmoney. 
H-S assume that all nonmoney assets (bonds and 
equities) are perfect substitutes and bear the same 
rate of return. The balance sheet constraint allows 
them to analyze asset market equilibrium in terms of 
the equilibrium condition in only one market. I fol- 
low their procedure and take money market equi- 
librium to imply an equilibrium in all asset markets. 
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(2) m(Y,r) — M/P(P;) = 0 
3) gi + (RP) - r) 
a Y\(K, N(Y, Pi), Pi) = 0 


where g, is government demand for con- 
sumption goods, and 

C( )isa simple consumption function, 
l>c'>0 

Y is national income in real terms, Y = 
P,Y, + Y 

P, is real price of investment 

Y, is profit-maximizing supply of invest- 
ment goods 

Y, is profit-maximizing supply of con- 
sumption goods 

T is lump sum taxes 

kz; k; are the capital-labor ratios in the 
consumption and investment good sec- 
tors, respectively 

K is total capital stock 

N(_ ) relates total employment to Y and 
P,;O9N/dY > 0; ON/dP, < 0 (see Ap- 
' pendix) 

Y,( ) relates ¥, to K, N and Pi; dY3/ 
dP, < 0; dY,/dY= 0 as k= ka 

m( )is the real demand for money; 
ôm/ðY > 0;dm/dr < 0 

r is the interest rate 

M is the nominal money supply 

P( ) relates the nominal price of con- 
sumpticn goods to the real price of in- 
vestment goods, given profit maximiza- 
tion; P'Œ Oas k; = k, (see Appendix) 

R( `) relates the marginal physical 
product of capital in the investment 
good sector to Pi; R'Z0aski z k 
(see Appendix) 

Yı( )relates ¥, to K, N and P,; dY,/ 
dP; < C; dY, /aY 2 Oask, 2 k, 

I is net investment demand; /(0) = 0; 
O<I' < o (J’ — œ is the H-S model) 

gı is government demand for investment 
goods 


In analyzing the comparative static prop- 
erties of the model it is convenient to solve 
equation (1), so that Y is a function of 
Pi; £2 and T. 


(4) Y= Y(Pi, 82, T) 


where 
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The comparative static properties of the 
model (2)-(4) are summarized in Table 1. 
The following stability condition was used 
in deriving the comparative static results in 
Table 1: 


6) -r k 4 Gm a¥) _ ôm 
P ay OP, or 
a aY, aY —dY, 
APR Ve ee 
1 OY OP, dP, E 
ask, S k 


A striking result of Table | is that fiscal 
policy that works through the investmen 
good market affects the endogenous vari- 
ables in a way qualitatively identical to 
IS-LM analysis. The effect of an increase in 
M on Y and nominal prices is unambigu- 


ously positive as in the H-S model. The ef- 


if 


I 
3The results of Table 1 are derived from the follow, 


ing matrix equation: Pea 

l a 0 dY | dez 
sy mP? E) |ar| =| dM /P 
= I'R' ~ sP af dr —dg| 


4A graphical analysis of the comparative static prop- 
erties of the model and of the stability conditions of 
the model is available from the author on request. 
The stability condition (5) is derived from an analysis 
of the following dynamic model: A 


D(P(P\)P\) = alg, + I(R(Pi)-7)- Yı 
(K, N(Y, Pi), Py): 
Dr = blm(Y, r) — M/P(P)| 


where a > 0; b > 0; Y = Yt Pi, 22, T). 

5The asymmetry between the effectiveness of fisca 
policy working through the investment good marke 
and fiscal policy working through the consumptior 
good market results from the lack of an interest rate 
effect in the consumption good market. If one assumec 
that consumption decreases when the interest rate rise: 
(perhaps through a wealth effect), the effect of an in. 
crease in g; on Y becomes ambiguous. However, the 
effect of an increase in M on Y also becomes am- 
biguous. ate 
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- TABLE [—SUMMARY OF RESULTS 
Increase in 
£1 M 22 
ky > kz 
Effect on IS slope > 0 IS slope < 0 ka> ky A>0 A<0 
Y + . + + 2 + ? 
PiP 
(therefore F} + + + + + — 
r + + = + 2 ? 


ect of an increase in M on the interest rate 
on the following condition: 


© “<0 if PR'-Y, 
T Y di 7 
go OD OTS ea i: 
av oP) ap VS mek 


The nominal prices of investment and 
onsumption move in the same (opposite) 
direction as P,, when kı > ky (ky > ky, see 
Appendix). Condition (6) requires that the 
"ftal impact of an increase in nominal 
prices lowers the excess demand for invest- 
ment. The adjective total refers to the fact 
hat as P, varies, Y varies to keep the 
onsumption market in equilibrium. Thus 
6) is equivalent to the statement that a rise 
in the price level must lower the excess 
demand for goods. This condition is 
analogous to a negatively sloped JS curve 
in a One-sector model. 

The necessary condition for the effect of 
An increase in g, to increase Y differs from 
rue stability condition because of the fol- 
lowing terms in the stability condition: 


oY [_ am 7, , am 20 
oP 1 oY dr oY 

In the case where k, > k, the presence of A 
helps to fulfill the stability condition, there- 
fore the stability conditions are of no help 
in determining the effect of increases in g, 
on Y. In, the case where kı > k, the sign of 
4 is ambiguous. When A is greater than 


(7) A= 


vero, the stability conditions imply that an — 


cfrefease in g, raises Y. 


In the cases where the sign of the effect 
of an increase in g, on Y is ambiguous, one 
must examine the parameters of the money 
and investment good market equilibrium 
conditions. It is possible to develop condi- 
tions similar to those used by H-S (their 
interest inelastic case and the interest elastic 
case conditions) to determine the sign. 
However, if. one knew that the production 
transformation surface was relatively flat so 
that dY/@P, was close to zero, then A 
would be close to zero and the stability con- 
ditions would imply that the effect of an 
increase in g, on Y is positive. Thus most of 
the strange results of the H-S model result - 
from the perfect capital market assumption 
and this statement becomes stronger as the 
transformation surface becomes flatter. 


APPENDIX 


The H-S profit-maximizing conditions 
(their equations (19)-(21)) can be written 
as: 


(A1) fi(ki(R)) — filki(R)) ki = Wo/PPi 
(A2) fo(ka(PiR)) — frlka(Pik))k2 = Wo/P 


where fi, fj are the intensive production 
functions in the investment and con- 
sumption good sectors 
k,(R) is defined implicitly by f (ki) — 
and similarly for k.(P,R) 
W is the fixed money wage 
In (Al) and (A2) two of the three prices 
(R, Pı, P) must be treated as endogenous. 
We will choose to treat P and R as endog- 
enous to the profit-maximizing subsystem. 
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This implies the following comparative 


static properties: 











— kı 2 dR o dP l 
P,P PiP 
= 
— ky P, > dP kıR dP, 
Let the determinant of the matrix = B = 
W, 
PF (kı — ky). 
Therefore 
dP | Wo ,\. z 
ap,” * = (kta Za n) /B = 0 
as kèk 
dR ' -Wa / Wo 
——= R' = + kR 2 
dP, P,P’ = i )/2 = 
as k, 2k 
aP(P,)P W, 
Teun = — y ki + ktaRP) / 


B20 as k 2k 


In addition it is helpful to recall the prop- 
erties of factor-market equilibrium in a two- 
sector economy (see Duncan Foley and 
Miguel Sidreuski). 














17 
(A3) 2 20 as k 2k. 
av 
(A4) an 20 as kS k 
(As) 259 
JP, 
(ao 2220 
JP, 


With these results all that remains is to 
analyze the determinants of N. Changes in 
N affect the outputs Y, and Y;, but do not 
affect the capital-labor ratios and there- 
fore do not affect factor prices. Since Y = 
Pi Yı + F, the above results imply a re- 
lationship between Y, N, and P,. A graph 
of the production possibilities for two levels 
of employment in the case where k, > kı is 
given in Figure 1. 

In Figure | the two transformation sur- 
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Yo} 





FIGURE I 


faces differ by the amount of total employ 
ment (Figures 1, 2, and 3 always depict th 
case where k, > kı). I have also drawn two 
parallel lines with slope equal to minus P). 
The profit-maximizing subsystem (A1) and 
(A2) will correspond to a tangency of th 
relative price line with a transformatio 
surface. Points 1 and 2 are both consisten 
with the same relative prices and, therefore 
the value of P,. The dashed line from |. 

2 shows that there is a locus of pairs 

Y, and FY, consistent with the same P,. I 
Figure | real income is given by the vertica 
intercept of theirelative price line. There is 
range of values of real income consistent 
with subsystem (A1) and (A2) given any P,. 
As one moves from point 1 to 2 total em- 
ployment increases. Therefore, given a P}, 
total employment is a positive function of 
real income. 


Y, i A 





FIGURE 2 ~~ 
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Yı 


FIGURE 3 


Figure 2 is helpful in analyzing how this 
elationship changes for changes in P,. Fig- 
re 2 illustrates that if real income is to stay 
onstant as P, rises (given the convexity of 
ae transformation surfaces), total employ- 
rent must fall. 


ON 
oN 0 —— JP, <0 
bethis point it is useful to analyze a source 
f ambiguity of the total effects of changes 
1 P, on the supply of consumption goods 
1 the case where k, > k, and Y is held 
onstant. Given (A6) and (A7), the effect of 
| Change in P, on the supply of consump- 
e goods is given by the expression: 


dYa _ 9¥2 ðN | 8% zo 
dP, ƏN ðP, OP, 


If kı > kı, the first term is positive. An 
crease in P, lowers total employment, 
ich increases the output of the capital in- 
nsive sector. The second term, however, is 
a This ambiguity is somewhat sim- 


A7) N= N(Y, Pi); SS 
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ilar to the ambiguity in consumer behavior 
of the effect of an own-price change on de- 
mand because of the income and substitu- 
tion effects. Figure 3 presents a graphical 
analysis of the problem. The change in Y}. 
from point | to point 2 corresponds to the 
first term in (A8) and the change in Y, from 
point 2 to point 3 corresponds to the second 
term. 

In the H-S model this ambiguity is de- 
scribed in terms of the capital using effect 
(KUE) and the capital valuation effect 
(KVE). The KUE is analogous to the sec- 
ond term of (A8) and KVE to the first term. 
In their analysis H-S assume that k, is suf- 
ficiently close to k, so that KUE dominates 
KVE, or such that (A8) is negative. We will 
follow H-S and assume (A8) is negative. 
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Some International Evidence on 


Output-Inflation Tradeoffs: Comment 


By MARCELLE ARAK* 


In the June 1973 issue of this Review, 
Robert E. Lucas presented a model for the 
determination of aggregate output and the 
price level which was based upon rational 
price expeczations. His empirical results 
were generally quite favorable to the under- 
lying theory. However, all of his estimates 
were based upon the assumption that nomi- 
nal GNP was an exogenous variable. If this 
assumption is inappropriate, Lucas’ method 
of testing his theory will yield biased results. 

I develop new tests for his basic model 
which are velid even if nominal GNP is not 
exogenous. Applied to the United States, 
these tests do not support the underlying 
theory: prices are poorly explained by the 
equation based upon rationality, and errors 
in price expectations are not significantly 
associated with variations in output. 


I. Derivation of the New Tests 


Lucas assumes that nominal income does 
not depend upon the decisions made by 
suppliers of output; they merely decide how 
nominal GNP will be apportioned between 
output and prices. In the context of an ag- 
gregate demand function which ‘relates 
quantity demand to the price level, this as- 
sumption requires that the price elasticity 
be unity—for only then would total expen- 
ditures be :ndependent of the price level. 
My tests dc not require that nominal GNP 
be exogenous in this sense and thus I need 
not assume any particular price elasticity. 

Let £ represent the price elasticity of de- 
mand for eggregate output. The demand 
curve is then writien as: 


(1) yı = EP, + x 


* Federal Reserve Bank of New York. The views ex- 
pressed are those of the author and not necessarily 
those of the Federal Reserve Bank of New York. I 


would like to thank Michael Hamburger and Alan 


Spiro for helpful comments. 


where y is the /og of real GNP, P is the Jo; 
of the price level, and x is an exogenou 
shift variable that has the same distribu 
tional properties as the x posited by Lucas 
namely: 

(2) A 
where 6 is a constant and U is a randon 
variable which has expected value of zerc 
and a variance of o7. According to equa 
tion (2), x typically rises by 6 per period, bu 
the stochastic element (U) with an expectec 
value of zero may make x rise by more o 
less in any given time period. Although ; 
has the same distributional properties as th: 
x specified by Lucas, x in this model is no 
the equivalent of the Jog of nominal GNP 
To see this, add P to both sides of the de 
mand equation, (1): 3 


(3) P+y=(1-£)P4+x 


The left-hand side is the Jog of nomina 
GNP while the right-hand side is x only i 
€ = 1. Therefore x and the log of nomina 
GNP will be identical only if £ = 

The new demand equation (1) may b 
more conveniently cast in terms of the cur 
rent unknown element U by taking the firs 
difference of (1) and replacing x, — xı b 


X= X-1 + 64+ U 


„ô+ Uy: 
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Yie — Yı- = EAP, + ô + U, A 
or . 
(1) yie = yei + EP — EP, + ô + U, 


The supply equation is taken exactly < 
specified by Lucas: 


(4) 
Ve = Ym + OVP: — Pe) + ACMA — Ynt- 
where P? is the log of the expected pri 


level and y,, represents the /og of the ay 
mal level of real output at time t. i 


VOL. 67 NO. 4 


h Following Lucas, I assume that the Jog of 
h 


the price level will be a linear combination 
of past and present exogenous variables, 
past endogenous variables, and the current 
andom element (U): 


(5) Py = Ko + aU, + 5 Di Ynti 
0 
| æ oo 
F > CViziai F >» A; P.oy i 
0 0 
T > CL 23, 
0 













ariables that might be relevant. Rational 
rice expectations then imply that 


(6) Pe = Ky + >» DiYn t-i + 2. CV 1-3 
0 0 


+ 2, d; Pii + 2, CL j 


ince E(U,) = 0. The a, bi, c;, d;, and e; 
an be obtained by substituting for P and 
*in the demand and supply curves, setting 
demand equal to supply, and equating the 
coefficients of each variable. This yields _ 





ò À 
Ky = — b == 
0 E t E 
P i 0-A) 
"Oy +— é 
b=- dy = 1 


nd all other a;, bi, Ci, di, €; = 0. 
Substituting these parameter values into 
equation (5) and replacing ym by Ynt-1 + B, 
the price level can be expressed as 


| — 
Pe Pe N pashe 





put. To obtain the reduced form for out- 
put, note that P, — Pf = aU, = U,/ 
(Py + £). The supply equation can there- 
fore be written as 





here the Z are any other predetermined 
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(8) 


Vi = Ym + ANA — Vari) + 


ay 
ay +e 

Equations (7) and (8) which are the re- 
duced forms for the price level and output 
can be used to test the model and derive its 
parameters. The À is obtained by estimating 
the coefficient of (1-1 — Yat-1) in equa-- 
tion (8); £ is obtained by estimating the co- 
efficient of (},-1 — Yat-1) in equation (7), 
(1 — A)/é, and using the A from equation 
(8). The 0y is obtained by regressing the 
computed residuals from (8), @yU,/ 
(8y + &), upon the computed residuals 
from (7), U,/(@y + &). 

Lucas estimates 


(9) Ve Ym = -T + A Yii 
+ wAGt+ & 


= Ynt-1) 


where G is the Jog of nominal GNP, r is 
by/(6y + 1), and ér is-an error term as- 
sumed to be N (0, oż). Whether the underly- 
ing model is correct or not, the estimate of 
$y implied by the coefficient of AG is likely 
to be biased if £ is not exactly equal to 
unity. If the underlying model is correct, 
but =l, the error term contains 
—m(1 — &AP.' A comparison of the re- 
duced form for P (equation (7)) with the re- 
duced form for G (equation (7) plus (8)) 
indicates that a positive correlation exists 
between Gand P. As a result, the coefficient 


.of AG would tend to be biased upward 


(downward) if & is greater (less) than unity; 
the estimate of 0y would be biased in the 
same direction as v. If the underlying model 
is not correct or is only approximately cor- 
rect, e will contain other things. But if e 
contains other things which have an in- 
fluence on the supply of real output and a 


!Note that equation (3) implies that the x is related 
to the log of nominal GNP: x = G — (1 — £) P. Thus U 
which equals x, — da ı — 6 can be expressed as U = 
AG —-(1 —& AP — 6, Substituting this into equa- 
tion (8), we obtain: 





8 
Yi — Ym = 3 EI HAODe~i ~Yat—-1) 
0y dy 
fe mn AG — 1-—£)AP 
Oy + & by By +E s) 
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shock to the supply function has an effect 
on nominal GNP, then e will indirectly have 
an influence on G. Thus the coefficient of 
G will be biased upward (downward) if a 
positive shock to real output tends to raise 
(lower) nominal GNP. This means that by 
the Lucas method one could obtain a posi- 
tive and significant #y even if output did 
not in fact respond to errors in price ex- 
pectations. 


II. Results 


The mode! was tested for the United 
States for the years 1952-67. (The National 
Income Acccunts data that were used re- 
flect the benzhmark revisions of January 
1976, although similar results are obtained 
from the original data.) G is the log of 
nominal GNP; y is the Jog of real GNP, P is 
the log of the GNP deflator; and the log of 
normal outptt, y,, is derived from fitting a 
time trend.” IF the Lucas output equation is 
estimated using the revised data, we obtain: 


Yt — Ym = -045 + 8850-1 — Vat~1) 
(.004) (.058) 


+ .837 AG, 
<067) | 


R? = 962: S.E.E. = .0064:D.W. = 0.75 


where standard errors are noted below each 
coefficient. The coefficient of AG represents 
Oy /(@y + 1) assuming the elasticity of de- 
mand is unity. Accordingly, @y is about 5— 
each percentage point error in the price 
expectation leads to a 5 percent expansion 
in supply, cet2ris paribus—and 6y is signifi- 
cantly greater than zero at the 95 percent 
confidence level.? 


2The Jog of the normal level of output was esti- 
mated for 1951-67 as: 
Ym = 6.30 + .034t SELLE. = .031 
(0.02) (.002) 
where t = 1 in 1951. 
36y = r/(1 — z) if £= 1. Thus the variance of the 
estimated 0y is 


r ri 2 


l-g 1-# 





E 


The asymptotic standard error, of ĝy is equal to 
(the standard error of r)/(1 — ry or about 2.5. 


SEPTEMBER 1977 


Turning to the new estimates, a very dif- 
ferent picture emerges. The three estimated 
equations that provide the tests of the 
model are: 


(10) Yi — Ym = 14 (Vi z Ynt-1) F V, 
(.19 


R? = 50; S.E.E. = 021: D.W. = 2.07 
(11) P, — P, = .020 + .089 

(.002) (.065) | 

(Vi - Pat-1) F Wda 

R? = 12; S.E.E. = 0074; D.W. = 1.21 























(12) V, = 86W, 
(.74 


R? = 08; S.E.E. = 020; D.W. = 1.7 


where the V, and W, are estimated residual 
from the output equation (with an intercep 
of zero) and the price equation, respec 
tively. They imply the price elasticity of de 
mand € is 2.9 and the supply response 44 
is .86. These values are quite different fro 
the Lucas parameters. More important 
however, these estimated equations yield 4 
very different view of the adequacy of th 
underlying model. Equation (11), the pric 
equation implied by the model, does no 
significantly explain movements in the pric 
level. And equation (12) indicates that th 
supply response #y is not significantly dif 
ferent from zero. Although the reduce 
form for output is significant, it is merel 
a test of whether output is autocorrelated 
In sum, these empirical results: call in 
question the basic model postulated b 
Lucas. Certainly for the United States it ap 
pears that either the supply function, th 
demand function, or the assumption o 
rationality must be altered. 
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Some International Evidence on 


Output-Inflation Tradeoffs: Reply 


By ROBERT E. Lucas, Jr.* 


Marcelle Arak’s comment develops from 
the observation that if the solutions (11) 
and (12) of my 1973 model (p. 329) were 
exact (that is, if their error terms were iden- 
tically zero), then the aggregate supply elas- 
ticity can be identified from the covariance 
fatrix of the residuals. In this case, my un- 
motivated assumption that the demand 
elasticity is unity would be unnecessary for 
identification of the supply elasticity. In 
other words, if aggregate demand shifts 
were to trace price and output movements 
along a perfectly stable supply curve (or 
Phillips curve), then one could estimate this 
curve without any prior restrictions on the 
slope of the demand curve. 
| In my paper, I did not assume an exact fit 
in estimating the parameter r, though I did 
sey that “the fits should be *good’” (p. 330). 
‘Lhe quotation marks on good were in- 
itended as an admission of an inability to 
make this restriction precise; because of this 
imprecision, the goodness of fit criteria was 
used only informally in evaluating the 
model, by reference to “high” R?s. 

In the Arak version, an exact fit is as- 
sumed, which leads to a very sharp test: her 
model implies that the error terms V, and 
W, in her (10) and (11) should be perfectly 
correlated, since both are proportional to 
the aggregate demand disturbance U,. In 

ct, their squared correlation is .08 (Arak, 
equation (12)). Hence, the exact version of 
the model must be rejected. It follows that 
the supply response #y cannot be inferred 
‘from (10)-(12). 

In short, the data reject Arak’s identify- 
ing restriction on the supply function error. 
What about my restriction that £ = 1? Her 
estimate is 2.9, calculated as the ratio 
(1 — .74)/.089; the numerator has a stan- 
dard error of .19, the denominator of .065. 
These numbers cannot reject £= 1 very 
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decisively. Nor is the goodness of fit of (10) 
and (11) evidence against my model: if (as I 
assumed) cyclical movements result mainly 
from demand shifts and if (as Arak as- 
sumes) demand shifts are unobservable 
shocks entering the error terms of (10) and 
(11), then the theory predicts poor fits on 
these equations! The evidence that does hurt 
is the R? = .08 in (12): I would have calcu- 
lated this number had I thought the econo- 
metrics through as clearly as Arak has, and 
I would have expected it to be “near” unity. 
So as not to lose sight of the objectives of 
my 1973 study, let me insist that the issues 
raised in the Arak paper have no more 
bearing on “the assumption of rationality” 
than they do on, say, the assumption of 
utility maximization. The question is only 
whether a particular, rather arbitrary, two- 
variable model provides a good enough 
approximation to observed behavior to sup- 
port the international Phillips curve com- 
parisons I wanted to make. My strategy was 
based on the hope that the sample would 
exhibit enough across-country variation to 
overcome what must necessarily be large 
measurement errors on the supply elasti- 
cities for each country individually. The fact 
that the main prediction of the natural rate 
hypothesis was confirmed suggests that this 
strategy was successful. Had it not been 
confirmed (as would have been the case if 
no South American countries had been in- 
cluded) I would, of course, have concluded 
that my two-variable model was inade- 
quate, not that agents are “irrational.” 


REFERENCES 


M. Arak, “Some International Evidence on 
Output-Inflation Tradeoffs: Comment,” 
Amer. Econ. Rev., Sept. 1977, 67, 728-30. 

R. E. Lucas, ““Some International Evidence 
On Output-Inflation Tradeoffs,’ Amer. 


Econ. Rey., June 1973, 63, 326-34. 


The Price Equation: A Cross-Sectional Approach | 


By RONALD P. WILDER, C. GLYN WILLIAMS, and DAVINDER SINGH* 


The impos:tion of price controls in the 
U.S. economy during the period 1971-73, 
together with the persistent inflationary bias 
in the decadz of the 1970’s, has brought 
forth a renewed research interest in the 
process of price determination.' The long- 
standing debate regarding whether firms 
tend to use full-cost or target return pricing 
rules on the one hand, or marginalist 
principles on the other has been inter- 
mingled with questions regarding the effi- 
cacy of price controls. In addition, the 
administered-price inflation hypothesis has 
been subjected to renewed empirical testing. 
Each of these areas of inquiry is of current 
policy relevance to the general problem of 
inflation. 

Although this paper will touch on each of 
the above areas, its principal objectives are 
narrow: 

l. to specify a cross-sectional price 
equation which is consistent with both tar- 
get return and marginalist principles; 

2. to estimate the parameters of the 
price equation using data on year to year 
rates of change during the period 1958-72, 
for a large sample of four-digit SIC manu- 
facturing industries; 

3. to test hypotheses: a) reverding the 
relative effects of cost changes, demand 
changes, degree of concentration and price 
expectations on industry prices; and b) re- 
garding the effects of the Phase I and II 
price controls of 1971-72. 

Many studies have examined the issues 


*Department of economics, University of South 
Carolina. 

i Rather than site each item in the extensive litera- 
ture, the following articles and their bibliographies 
provide broad coverage: William Nordhaus, Otto 
Eckstein and Gary Fromm, and Eckstein and David 
Wyss on price equations; Robert Lanzillotti, M. 
Hamilton and Blaine Roberts on Phase II controls; 
J. Fred Weston on alternative models of pricing be- 
havior; and Steven Lustgarten and Ralph Beals on 
tests of the administered pricing inflation hypothesis. 
A more general survey on inflation has recently been 
provided by David Laidler and Michael Parkin. 
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discussed in this paper. A discussion of’ 
selected studies which have treated some or 
all of the issues listed above will illustrate 
their current status. Most researchers agree | 
that cost changes show up more strongly in| 
price equations than do demand changes, 
although that result could be because the 
latter seem to be more difficult to measure. 
Researchers also agree that there are dif 
ferences in the price adjustment process 
among concentrated and nonconcentrated 
industries, but the exact nature of these, 
differences is controversial. The issue of rule 
of thumb versus marginalist pricing prac- 
tices has also not been settled in the empiri- 
cal literature since most price equations are 
consistent with either practice. 

In their study of the price equation, 
Eckstein and Fromm test the relative sig- 
nificance of target return and competitive 
elements in the determination of price- 
changes. The equations which they estimate 
cover all manufacturing, durable manu- 
facturing, and nondurable manufacturing 
based on two-digit SIC sectors. They utilize 
a time-series approach with data mainly for 
the period 1954:] to 1965:4. Cost and de- 
mand elements are included in the equa- 
tions. The authors make the general conclu- 
sion that: ““While the different forms of the 
equations yield varying results on the rela- 
tive importance of the competitive mecha- 
nism vis-a-vis oligopolistic pricing, there is 
pretty strong evidence that equations corf 
bining both mechanisms are superior to 
equations using either approach in isola- 
tion” (p. 1171). 

In a cross-section study of 395 four-digit 
SIC manufacturing industries, Frank Ripley 
and Lydia Segal estimate a price change 
equation for the period 1959-69. Changes 
in unit labor cost, changes in the materials 
cost, changes in real output, and changes in 
productivity are independent variables, with 
industries classified by broad concentration, 
category. They find that over the elever 
year period covered by their study concen- 
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trated industries passed on into prices a 
smaller proportion of unit labor cost than 
did nonconcentrated industries (p.268). 
This leads them to suggest that an incomes 
policy which controlled wage and price 
movements discriminatorily by industry 
should be designed to contro! prices in con- 
centrated industries and wages in noncon- 
centrated industries. 

Two recent studies summarize the work 
done in estimating the impact of the level 
of concentration in product markets on the 
timing and magnitude of industry price 
changes. Beals’ review of the literature for 
the Council on Wage and Price Stability 
and Lustgarten’s study for the American 
Enterprise Institute both conclude that 
prices behave differently in more than in 
less concentrated industries. Beal’s work 
emphasizes the greater siability of prices 
associated with degree of concentration 
(p.44). Lustgarten (1975a) emphasizes the 
tendency of prices in concentrated indus- 
tries to rise less than in nonconcentrated 
industries because of the more rapid produc- 
tivity growth in the former (p. 36). Lustgar- 
Tèn’s study is of special interest in its rele- 
vance to the findings recorded in this paper 
since he uses a data base similar to that used 
here. 

The present study, while using a data 
base similar to that used by Ripley and 
Segal, and Lustgarten (197Sa), differs from 
those studies by virtue of its emphasis on 
the broader questions of the price equation 
relationships and by its examination of 
changes over time in the cross-sectional 
‘price equation. 
~. 


I. The Price Equation: Specification 


Following Eckstein and Fromm we first 
develop a price equation incorporating mar- 
ginalist principles. Suppose the competitive 
firm maximizes short-run gross returns to 
capital: 


(1) a = pq — wL(q) — Pamq 


oe q is the rate of output, p is the output 
price, w the wage rate, L(g) total man- 
urs, P,, material prices, and m material 
inputs per unit of output. Profit maximiza- 
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tion requires that: 
(2) p= w(dL/dq) + P,,m 


For discrete price changes, when the change 
in marginal cost equals the change in unit — 
variable cost (and deleting second-order in- 
teractions) 


(3) Ap = wA(L/q) + (L/q)Aw 
+ P,Am + mAP,, 


Hence, the change in price is the sum of 
changes in unit labor cost (ULC) and unit 
materials cost (UMC), or the change in 
variable cost per unit (VC): 


(4) Ap = AULC + AUMC = AVC 


For a firm operating as a monopolist or in 
monopolistic competition, and using opti- 
mal markup pricing, since p = MR(i/1 — 
i/e) = MC(1/1 — 1/e) when the profits 
are maximized (letting MR and MC denote 
marginal revenue and marginal cost, and e 
denote the price elasticity of demand), 
equation (4) becomes 


(5) Ap = AVC i P 1) 


assuming constant elasticity of demand. 
The other major variant of the price 

equation is target rate of return pricing. 

Again following Eckstein and Fromm: 


(6) - FR Te 


where 7 is target rate of return on the firm’s 
capital stock K, g is standard rate of output, 
and VC is unit variable cost at the standard 
rate of output. For discrete price change: 
(7) Ap= Ar + eA” + ave 

(7) (9) 
If target rate of return 7, capital stock K, 
and standard volume @ are relatively stable 
over the interval measured, changes in unit 
variable cost should predominate in the 
price equation. 

Changes in unit variable cost are promi- 
nent in each of the price equations discussed 
here. Demand changes are also important, 
with elasticity changes affecting the profit- 
maximizing price and hence the optimal 
markup over variable unit costs. Hence, our 


- 
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specification of the price equation for empi- 
rical testing takes the following form: 


(8) Ap = Og + a, AVC + a, AIS 
+'a;CONC + U 


where AZS ts a demand proxy (described 
below), CONC is a concentration measure, 
and U is the error term. Since our data 
source is a sequence of cross sections of 
year-to-year rates of change in price, costs, 
and other variables, we are also able to in- 
clude an industry concentration measure 
(CONC) in the price equation to test for 
differences in pricing behavior as between 
more and less concentrated industries. 

This specification of the price equation 
is consistent with either marginalist or cost 
markup pricing principles and therefore 


cannot discriminate between the two. 


It. Empirical Tests: 1958-72 


The data set is based on the Annual Survey 
of Manufactures and‘on the industry price 
indexes developed by the Bureau of Eco- 
nomic Analysis, Department. of Commerce, 
from the wholesale price | indexes of the 
Bureau of Labor Statistics.” The sample in- 
cludes 357 fcur-digit industries for most of 
the years during the period. The data are 
annual averages, and hence the cross sec- 
tions of year-to-year changes represent first 
differences of annual average values. 


A. Variables 


Price (Ap), the dependent variable in 
each equation, is the annual percentage rate 
of change in the industry wholesale price 


_ index, computed between successive years: 


Unit Variable Costs (AVC) are the an- 
nual percentege rates of change of the sum 
of unit labor costs and unit material costs.’ 


2The price daca were obtained on tape from the 
Division of Research and Statistics of the Federal 
Reserve Board. This data set was used earlier by 
Ripley and Segal. 
3Unit labor costs and material costs were computed 
by defining an index of real output ¥ = VS/P, where 
VS is the value of industry shipments and P is the in- 
dustry price index. Unit labor cost is defined: ULC = 
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TABLE 1—SAMPLE MEANS AND STANDARD 
DEVIATIONS, Four-Dicit MANUFACTURING 
INDUSTRIES 
- (Annual Percentage Rates) 


AT 


AP 





Year AFC AIS 
1958-59 1.47 1.20 42.62 
(3.85) (5.04) (853.17) 
1959-60 68 08 3.73 
(3.37) (5.41) (48.01) 
1960-61 —0.19 1.44 7.31 
(3.39) (7.68) (83.98) 
1961-62 0.08 —0.1 32 
(2.65) (4.19) (50.60) , 
1962-63 0.29 — 1.04 13.7 
(3.66) (6.03) (227.69) 
1963-64 0.58 33 38.70 | 
(3.37) (4.11) (504.12) 
1964-65 1.10 96 mer | 
(3.33) (4.96) (13.72) 
1965-66 2.44 2.57 2.39 
(3.47) (4.54) (12.77) 
1966-67 1.37 35 33.26 
(3.75): (5.01) (5.85) 
1967-68 3.02 2.36 48 
(3.88) (5.22) (10.24) | 
1968-69 3.23 3.35 4.52 
(4.00) (5.58) (48.08) 
1969-70 3.72 3.98 968.25 A 
(4.41) (5.95) (1921.21) Zz 
1970-71 3.12 1.85 593.18 
(5.16) (5.93) (6196.57) 
1971-72 3.65 3.3 ~6.04 A 
(5.31) (8.08) (24.47) | 





t, 
_ Note: Standard deviations are in parentheses. 


Inventory Sales Ratio (A/S) is a demand 
proxy: the annual percentage rate of change 
of the ratio of an industry’s average inven- 
tory to its value of shipments.’ A large posi- 
tive change in this ratio is indicative of slack 
demand, while a near zero or negativel 


PAY/X where PAY is total payroll, while unit ma- 
terial cost is defined UMC = MC/X where MC is 
total material cost. 

4We experimented with the following alternative 
specifications of the demand variable: a) An inventory 
shipments ratio based on the change relative to the 
three previous years and on the change relative to a 
five-year moving average; and b) A capital expendi- 
tures measure, based on the change relative to the 
five-year moving average. Each of these alternative 
specifications yielded results similar to those reported. 
Use of capacity utilization or new orders variables as 
demand proxies was not possible due to the ‘onl 
availability of data at the four-digit level. 
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TABLE 2-—~REGRESSION RESULTS FOR PRICE EQUATION, 

> Four-Dicir MANUFACTURING INDUSTRIES 

Coefficients ‘for: 
Year Intercept AVC AIS CONC R? f 

1958-59 80° 59° 0001 — .0002 55 

| 1959-60 54 36° —.002 — .003 34 
1960-61 14 21° —.002 — .006 23 
1961-62 1.04" 45° .003 =? 47 
1962-63 84° 507 .0006 — 001 50 
1963-64 27 61° — 0001 002 55 
1964-65 99° 51° —.04° —.007 60 
1965-66 1.87" 63° — 03° 02" 6l 
1966-67 1.18" 56° — ,0003 — 002 50 
1967-68 2.27° 587 —,06* El a 58 
1968-69 2.66" 52° —.01 — 02° 55 
1969-70 1.88° 55° — 00001 — 005 52 
1970-71 1.26° 70° — .00002 Ol 65 
1971-72 1.99" 58° —.01 — Ol 63 


“Significant at the 5 percent level. 


change in the ratio is associated with a high 
level of demand. Hence, the postulated sign 
for this variable in the price equation is 
negative. 

Concentration Ratio (CONC) is the 
-firm value of shipments concentration 
ratio from the 1967 Census of Manufac- 
tures. The administered-price inflation 
hypothesis would suggest a positive sign for 
this variable. 


B. Results 


Sample means and standard deviations 
are reported in Table 1. The cross-sectional 


distribution of annual rates of price change 


has experienced an increase in absolute dis- 
| persion as well as in mean value during the 
period 1958-72. The distribution of rates 
of change in the inventory variable (AZS) 
has moved with the business cycle as one 
would expect, with the largest mean value 
occurring in the 1969-70 recessionary 
period and the smallest mean value occur- 
ring during the 1971-72 recovery period. 
The basic price equation tested, (8), was 
fitted to the annual percentage rates of 
change for each successive pair of years 
during 1958~72. It relates rates of change in 
price to rates of change in unit variable 
costs, the inventory shipments ratio, and to 
te level of the 8-firm concentration ratio; 


with the results shown in Table 2. Linear 
forms and ordinary least squares estimating 
procedures are used throughout. 

The estimated regression coefficients for 
the three independent variables, AVC, AZS, 
and CONC, are reasonably stable through- 
out the study period. The coefficient on 
AVC is generally in the range of .5 to .6 and 
is of course highly significant. There is no 
evidence from these results of an increase 
in the markup over unit variable costs when 
the price equation is interpreted in this 
fashion. The major departures of the co- 
efficient on unit variable costs from the .5 
to .6 range are in 1959-60 and 1960-61, a 
period characterized by a business cycle 
peak in April 1960 and a trough in Febru- 
ary 1961, and in 1970-71, a period contain- 
ing a trough in November 1970 and the 
Phase I price freeze of August 1971. It 
should be noted that a coefficient on AVC 
of below unity does not necessarily imply 
that total dollar profits or rates of return 
are decreasing over time.’ 


SWith fixed costs constant, the change in total 
profits Aw may be expressed as follows: Ar = AP — 
AVC where AP = ag + a; AVC as in the linear re- 
gression. Then Ar = ag + a, AVC ~ AVC or år = 
ag + AVC (a, — 1). In order that Aw > 0, it is 
necessary that a; > | — ag/AVC, a condition which 
is satisfied for most of the time periods in Table 2. 


j l ' , 
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The demand variable (AZS) has the ex- 


pected negative sign in the majority of 


cases, but is statistically significant only 
during the bcom years of 1964-65, 1965-66, 
and 1967-68. These relatively weak results 
for the demand variables are consistent 
with the finding in the Nordhaus survey of 
pricing studies that “*...demand variables 
do not show up consistently and signifi- 
cantly” (p.41). 

Our estimated coefficients for the concen- 
tration variable are not consistent with the 
administerec-price inflation hypothesis. 
The coefficients are negative in all years but 
one, and are statistically significant (nega- 
tive) in three years, These results are con- 
sistent with those of the recent studies by 
Lustgarten (1975a,b). 

The most interesting result shown in 
Table 2 is the upward trend in the intercept 
term, beginning in the mid-1960’s. Over the 
period 1958-59 to 1964-65, the intercept 
term averaged less than | percent, while in 
the period 1965-66 to 1971-72, the average 
estimated annual rate of price change in the 
absence of change in the independent vari- 
ables ‘was closer to 2 percent. These results 
reflect the inflationary bias of the late 1960’s 
and early 1970’s and suggest that the in- 
flationary tendency is not a result of 
changes in cost markup factors.°® 

Suspecting that the upward drift in the 
intercept term might reflect changes in in- 
flationary expectations or in lags in adjust- 
ment to cost changes, we respecified the 
price equétion to include lagged values of 
the rates of change in unit variable costs 
(AVC,_,) anc price (AP,_,). The inclusion 


6The upward trend in the intercept term could be a 
result of a trend .n unit fixed costs. To shed some light 
on this possibility, we computed total fixed costs and 
profits as follows: TFC = VS — PAY — MC where 
TFC = total fixed costs and profits, PAY = total pay- 
roll, and MC = total materials costs. Over the period 
1958-72 the aggregate proportion of fixed costs and 
profits (as defined here) to value of shipments in- 
creased from .21 to .25. However, when we regressed 
the annual intercept terms in Table 2 on the annual 
aggregate means of unit fixed costs and profits, the 
regression coefficient was statistically nonsignificant, 
with a ¢ value of less than 1.0. Hence, the role of fixed 
costs in explaining the upward trend in the intercept 
is not straightforward. 


_ change in the previous period are associated | 


of the lagged price variable is based on the 
hypothesis that inflationary expectatioris 
are based on recent experience in price 
movements. ' 

The results of estimating the coefficients 
for this expanded price equation are shown 
in Table 3. The lagged cost variable 
(AVC,_,) has the expected positive sign. 
The lagged price variable (AP,_;), however, 
is negative in the majority of cases. We had 
expected positive signs for the lagged price 
variable on the grounds that it is a measure 
of price expectations and that industries ex- 
periencing more rapid rates of price change 
in the past would be more inclined to raise 
price in the current period. The negative, 
sign, while not consistently significant, 
would tend to suggest the existence of price| 
rigidity in the sense that high rates of price) 





with lower rates of change in the current 
period. The inclusion of the lagged vari- 
ables has a negligible effect on the intercept, 
terms and other estimated coefficients ræða- 
tive to the values reported in Table 2. 

A further development of thé annual 
cross-sectional model is to consider the 
question of whether prices respond differ- 
ently to decreases in variable costs as com- 
pared to increases in variable costs. There 
have been numerous allegations in the 
literature that prices tend to be relatively 
inflexible downwards even in the face of 
decreases in unit variable costs. To test this 
hypothesis, a cost increase/cost decrease 





dummy variable (V1) was added to equa- 


tion (8). This variable takes on the value 1 
for industries for which AVC 20 (increase: 
in unit variable costs) and 0 otherwise. The 
estimated regression coefficients for this 
version of the price equation are shown in 
Table 4. 

The coefficients for the cost change 


dummy variable are negative in twelve of ! 
the fourteen time periods, with seven of | 
the negative coefficients statistically sig- 
nificant. These results provide fairly 
strong evidence of an asymmetry in, the 
response of price to changes in unit vari- 
able costs. The nature of this asymmetry ik: 


that a larger relative decrease in the rate. 
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a TABLE 3— REGRESSION RESULTS FOR PRICE EQUATION WITH LAGGED COST AND PRICE VARIABLES 


i Coefficients for: 


Year Intercept AVC, AIS; - CONC AVC,- AP,-1ı R? 





1971-72 1.96" 59° 01 -Ol 10° -10° 63 





Significant at the 5 percent level. 


hange of unit variable costs is required to . variable costs and concentration and the 
obtain a given reduction in the rate of price demand proxy are introduced. The estimat- 
change as compared to the increase in unit ing equation for the pooled cross sections 
varani costs needed to obtain a similar isas follows: 

increase in the rate of price change. The re- (9) AP = œp + a, AVC + œ AIS 


& 


ults therefore are consistent with some + a, CONC + aa CONC- AVC 
egree of downward price rigidity. 

~The final development in estimating the + as VI + ag CONC- AIS 
price equation is to pool the annual cross Á 
sections, using dummy variables to differen- i > asy; T; + U 

iate among the annual periods. Interaction i 

ariables between concentration and unit where the T; are the n-1 dummy variables 


TABLE 4—REGRESSION RESULTS FOR PRICE EQUATION, WITH COST [INCREASE/COST DECREASE DUMMY VARIABLE 


Coefficients for: 





Cost Change 

Year . Intercept AVC AIS CONC Dummy (F1) R? 

- 1958.59 1.73" 68° ~ 00003 — .004 star 55 
1959-60 01 30° — .001 — .004 1.01° 36 
1960-61 ~1.248 ae — 002 — 002 2.58" 34 
1961-62 1.03" 46° 0006 — 02 10, 48 
1962-63 1.57 58 0007 ~.004 > ~ 33 Sl 
1963-64 4 Ji g .00002 .004 a 1.10" .62 
=. -« = = = Ss. F 
1967-68 a ooe Ioe Io ait 58 
1968-69 2.96" 53° — 006" ~ .02° 42 50 
1969-70 1.76° 53° — 00001 — 006 — 26 50 
1970-71 333" AT .00003 .006 ~ 1.46° 63 
1971-72 3.20" 637. —.01 =10" — 1,56" 64 


; 


Sgnificant at the 5 percent level. l l 
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TABLE 5— ESTIMATED PRICE EQUATION, POOLED CROSS SECTIONS 





Total Pooled Sample Pooled Sample 
Cost-Change Dummy Variable: Subsets with: 
Excluded Included AVC =0 AVC <0 | 
(1) (2) (3) (4) 
Intercept 94° 1.06" .28 1.53" 
AVC 69" 70° a: 72° | 
AIS 00001 00001 om) eer | 
CONC — .002 — 002 0 — .007 | 
CONC -AVC 232° — 33° ~ 48° 13] 
CONC - AIS — 00004 ~ .00005 —.0001 .0008 
Vi á ees n a 
T2 (1959-60) —.60° —.59° _.63° —.56 | 
T3 (1960-61) ~1.05° - 11° ~1.05° =1 A4 
T4 (1961-62) Oey pg 72" = 16" a4" 
T5 (1962-63) 2103" —.05 —.33 .08 
T6 (1963-64) WE GAs =47" 225 79" 
T7 (1964-65) —.25 ~ 26 =A ~.07 
T8 (1965-66) 31 33 A3 05 
T9 (1966-67) 38 39 47 22 
T10 (1967-68) 92° 93° 1.07° 64 
T11 (1968-69) 71° 72° 78° 63 
T12 (1969-70) 98° 99° 1.187 47 
T13 (1970-71) 1.27° 1,27" 1.63° 64 
T14 (1971-72) - 83° 83° 88" 87° 
R2 56 56 47 35 
_Sampls Size $284 5284 3342 1942 


“Significant at the 5 percent level. 


(n = 14) corresponding to the yearly inter- 
vals, with 1958 as the omitted category. 

Equation (9) was estimated for the total 
pooled sample (with and without the cost 
dummy variable V1) and for the subsets 
defined to include those observations with 
AVC < Qand AVC 2 0, respectively. The 
pooled cross-section results are shown in 
Table 5. Sample size for the pooled sample 
is in excess of 5000 observations. 

Again the asymmetry in price response to 
cost decreases as compared to cost increases 
is evident, as shown by the negative coeffi- 
cient for V1 in column (2) in Table 5 and 
the difference between the intercept terms in 
columns (3) and (4). The positive and sta- 
tistically significant coefficients for the time 
dummy variebles T10 through T14 are also 
consistent with the upward drift in the inter- 
cept terms in Tables 2 and 3. The interac- 
tion between industry concentration and 
unit variable cost (CONC . AVC) is nega- 
tive and statistically significant, which sug- 
gests that concentrated industries pass a 


smaller proportion of unit variable cost 
changes than do less concentrated indus 
tries, a finding consistent with that of 
Ripley and Segal. This interaction appears ta 
be the principal way in which concentrated 
industries differ from less concentrated in 
dustries with respect to pricing behavior. I 

general, the remaining results for the 
pooled cross sections are similar to those 
for the individual annual cross sections. 


HI. Empirical Tests: 
The Controls Period of 1971-72 


The consensus of most studies of the 
Phase I and Phase II controls of 1971-72 is 
that controls had a short-run impact in re 
ducing the rate of price change at the ag 
gregate final consumption level, but had 
little or no effect in the manufacturing sec 
tor.’ All of the previous studies of the con 


TSee, for example, Lanzillotti and Roberts, be 
Lanzillotti, Hamilton, and Roberts. l 
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N TABLE 6——REGRESSION RESULTS, PHASE II PRICE CONTROLS ERA 
Year Intercept AVC, AIS; CONC AVC Api) Ti Tə R2 
1970-71la 1.23 10° 0001 Of —~ .08 Al 65 
1970-7 1b 1.70" 73° — 0001 01 ir —.31* —.20 33 68 
1971-72a 2.067 58" ~.01 —.01 ; —.19 ~ 36 63 
1971-72b 2.02° 59° —.01 —.01 —.10° —.10 ag ~.35 63 


“Significant at the 5 percent level. 


trols period of which we are aware, how- 
ever, utilize time-series data. We believe 
that the relatively disaggregated cross- 
reectional data set utilized here offers addi- 
tional insight into the effects of controls and 
avoids the problem of separating the busi- 
ness cycle effects on labor productivity and 
unit labor costs associated with the recov- 
ery from the 1970 recession from the effects 
of controls on prices during the 1971-72 
period. 

Our test of the efficacy of price controls 
employs the alternative specifications of the 
price equation as reflected in Tables 2 and 

3, with the addition of two price controls 

bdummy variables based on whether an in- 
dustry was characterized by firms fitting 
into the respective Phase II categories: Tier 
I, Tier II, or Tier HI. Our hypothesis is 
that the Tier I and Tier II dummy variables 
should have a negative sign given the more 
intensive prenotification and/or reporting 
requirements to which firms in these cate- 
gories were subjected relative to the smaller 
Tier III firms. 

The estimated coefficients for the basic 
price equations, modified by including the 
„Tier I and Tier II dummy variables (Tier 
Ill is the omitted category), are reported 
in Table 6.’ The Tier variables were not ex- 


8The Tier dummy variables are constructed by 
computing the average size (in value of shipments) of 
the eight largest firms by multiplying total industry 
value of shipments by the 8-firm concentration ratio 
and dividing the result by 8. Hence the Tier | dummy 
is | for an industry which has an average firm size of 
greater than $100 million, and O otherwise; the Tier II 
dummy is | for average firm sizes between $50 and 
$100 million, and O otherwise. For details of Phase I 
enforcement, see Lanzillotti and Roberts. 
ee equations in Table 6 were also estimated with 
the inclusion of the cost change dummy variable V1, 
with virtually identical results for the Tier variables. 


pected to be statistically significant in 1970- 
71, since Phase H controls did not go into 
effect until November 14, 1971. For the 
1971-72 period, the Tier variables are nega- 
tive as hypothesized, but not statistically 
significant (t-values were less than 1.0 in 
both specifications). Moreover, the magni- 
tude of the Tier II dummy variable is larger 
than that for Tier I, which is the reverse of 
our expectations. Based on the coefficients 
for the equation labeled 1971-72a in Table 
6, industries for which the leading firms are 
in the Tier I category experienced annual 
rates of price change only 0.2 percentage 
points lower than the relatively unregulated 
Tier IH industries, a difference not statisti- 
cally significant. 


IY. Summary and Conclusions 


This study has utilized a data set of four- 
teen annual cross sections of rates of change 
in price, cost, and a demand proxy to test 
various hypotheses regarding the price 
equation in the manufacturing sector. The 
primary findings are the following: 

1) The coefficient on unit variable 
costs has been reasonably stable over the 
fourteen-year period, which is suggestive 
of stability in markup pricing factors. 

2) The findings on the effect of indus- 
try concentration are not consistent with 
the administered-price inflation hypothesis. 
In general, concentrated industries pass 
along a smaller proportion of unit variable 
cost changes into price changes than do less 
concentrated industries. Therefore, for 
given rates of cost increase, the effect of 
concentration on the rate of price increase 
is weakly negative. 

3) The inflationary tendency of the late 
1960’s and early 1970’s in U.S. manufactur- 
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ing is not explained satisfactorily by in- 
creased rates of change in unit variable 
costs, increases in the markup on unit vari- 
able costs, ar by changing demand condi- 
tions. 

4) The <indings suggest an asymmetry 
in the respo1se of price increases and de- 
creases in unit variable costs, which is 
consistent with downward price inflexibil- 
ity. 

5) The findings on the short-run effects 
of Phase II price controls in manufacturing 
in 1971-72 are consistent with the negative 
findings cf previous studies. 
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Unemployment, Inflation, and Monetarism: 


A Further Analysis 


By ROBERT VAN ORDER* 


With the acceleration of the controversy 
between Monetarists and Keynesians, it 
has become apparent that there is great 
need for a rigorous analysis of the dynamics 
of competing macroeconomic models. An 

yimportant contribution to this area is a re- 
cent paper by Jerome Stein. My paper is 
intended to present a dynamic analysis of 
some of the issues involved in monetarist 
models of inflation and unemployment in a 
simplified version of the Stein model. The 
justification for adding what follows is that 
Stein’s specific analysis of the dynamics 
of the system is for some purposes unneces- 
sarily complicated, 

What follows takes the Stein model as a 
point of departure. The dynamics of that 
„model ultimately come from three adjust- 

ent equations: one giving wage inflation 
as a function of unemployment and ex- 
pected inflation; one giving price inflation 
as a function of wage inflation and the ex- 
cess demand for goods; and one giving the 
adjustment of expected inflation. The prob- 
lem with getting a clear picture of how the 
entire system adjusts is that it is difficult to 
get a firm grip on three differential equa- 
tions at once. The central purpose of this 
paper is to eliminate one of the equations. 

} This is done by assuming that prices clear 

“goods markets instantaneously. That is, 
prices are given by equating aggregate de- 
mand and supply, the tradeoff between in- 
flation and unemployment coming from un- 
employment affecting wages, which affect 
equilibrium prices. 

There are two reasons for making the 
assumption. First, while it is not unrealistic 
to argue that goods markets do not clear 


*Economist, U.S. Department of Housing and Ur- 
ban Development. The paper was written at the 
(University of Southern California. I am grateful to 
an anonymous referee for helpful comments. 
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immediately, it does not appear to serve a 
major purpose to assume they do not clear. 
It is necessary to have labor markets out of 
equilibrium to have unemployment, and it 
is necessary to have expectations adjust to 
obtain the “dynamic Phillips curve” consis- 


tent with recent experience. However, once 


these assumptions are made, further dis- 
equilibrium assumptions (realistic though 
they may be) only cloud the analysis. 

There is a second, more substantive theo- 
retical issue. The model, of course, is meant 
to depict actual disequilibrium transactions. 
Unemployment is the difference between 
the usual labor demand and supply curves, 
coming from high real wages. Yet during 
every instant of the adjustment we could 
observe an excess supply of goods, i.e., 
overproduction. We should expect, given 
that we are talking about actual transac- 
tions, that this continual excess supply 
should eventually affect actual employment 
directly even if real wages remain constant. 
There are two ways out: one is to relate 
unemployment (and also price and wage 
adjustment) to excess supplies in both 
markets.’ The other is to assume away the 
issue by having goods markets always clear. 
Simplicity being a virtue, the latter way out 
is taken here. 

Two further simplifying assumptions are 
made in what follows: first, no underlying 
growth is assumed (i.e., the system is essen- 
tially stationary); the second, the interesting 
distinction that Stein makes between gov- 
ernment purchases of goods and of labor 
services is ignored. The government pur- 
chases goods, produces nothing itself, and 
hires no labor. 


(An approach to this issue is given in the author. 
On the direct effect of goods markets on employment 
see Robert Barro and Herschel Grossman. 
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I. The Model 


In the discussion, the following symbols 
are used: 
g,g* actual and expected rates of infla- 
tion 
y real output 
f indicator of fiscal policy 
M,m nominal and real money supply 
P,W levels of prices and wages 
V veloci:y of circulation 
n growti rate of M 
a; elements of matrix 
à speed of adjustment of expected 
< ination 
0 ratio of bonds to money 
Functions: . 
P Philips curve 
F produztion function 
E aggregate demand 
. § aggregate supply 
R reduced form of E and S 


Given the modifications in the introduc- 
tion, the aralysis follows Stein fairly 
closely. The lebor market adjusts via 


(1) g = P(y) + g* P'>0 


where g and g* are actual and expected 
rates of wage change and y is real output. 
Expectations adjust via 


(2) Dg* = A(g — g*) A> 0 


where the opsrator D represents differen- 
tiation with respect to time. This implies 


(3) Dg* = \P(y) 


The goods market is given by the usual 
aggregate demand and supply curves. The 
latter is given oy 

P 
4 — as 
(4) y 7 SO) 
where P and ¥ are prices and wages. Ag- 
gregate demard is given by 


P M R 
(5) y p EAs 0) 
Or 

(5’) = = VE( yf, g*,8) = 


a 
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where M is the money supply, f a measure 
of fiscal policy, and @ the ratio of private 
financial wealth to money (see Stein, p. 874). 
Equation (5‘) defines velocity and indicates 
that it depends on fiscal policy even if long- 
run output is independent of f (or M). 
Hence, f can affect nominal income even in 
the long run. 

Either (5) or (5') can be viewed as derived 
from an elaboration of the standard text- 
book income ca peneitia model. The ef- 
fects of y, f, and g* on E are assumed to 
be positive, but the sign of # is ambiguou Us, 
since a rise in bond holdings tends to raise 
aggregate demand via a wealth effect and to 
lower it by increasing the demand for 
money, leading to “‘crowding out.” 

The key simplification made here is that’ 
prices instantaneously equate the right- 
hand sides of (4) and (5). The solution for y 
then is given by 








(6) y = Rm, 8, g*) 
with m= w 
Then 
(7) 
Dy = R;Df + RmDm + Ry 
with 
(7) Dm = m(n — g) 
where n is the rate of growth of the money 
supply. 


At this point it is necessary to discuss 
what is exogenous and what is not. As Carl 
Christ, and Alan Blinder and Robert Solow 
(1973) have pointed out, the government | 
faces a budget constraint that requires that 
its purchases plus interest payments be 
financed by taxes plus bond sales plus 
money creation. That is, the government 
has four instruments: expenditures, taxes, 
bond sales, and money creation, but only 
the time paths of three of them can be 
chosen exogenously. If for instance expen- 
ditures, taxes, and money are set, bond 
holdings are endogenous and @ cannot be 
taken as exogenous. This will be discussed, 
below. I Here we keep with the standard is 
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sumption (as in Stein’s model) that M and 


oa’ 


§ are exogenous, This means that changes in 
fare not arbitrary, but of a “balanced bud- 
get” type. Assume f, n, and @ are constant. 
Then from (1) and (2), (7) becomes 


(8) 
Dy = —R,m[P(y) + g*] + ReAP()) 


Equations (3) and (8), two differential equa- 
tions in p and g*, govern the motion of the 
system with fixed monetary and fiscal pol- 
icies. The main point of the analysis is that 


this two-dimensional system is quite man- 


A 


ageable and yields some insights into 
macroadjustments. The first issue, however, 
is the characterization of some comparative 
statics. 

In the long run the time derivatives are 
zero, leaving a rather simple solution. From 
(3) real income is given by the Phillips 
curve and is independent of aggregate de- 
mand,’ and from (7'} the rate of inflation 
(which is perfectly anticipated) equals the 
rate of monetary growth. From (5’) it is 
clear that fiscal policy can affect the level of 
prices although in the long run it does not 
affect the rate of growth of prices. l 

In the very short run real income is vari- 
able and wage levels are predetermined. 
Income is given by (6), which again is an 
elaboration of standard textbook stuff. Ef- 
fects of changes in f, m, g*, and @ have 
already been discussed. The more impor- 
tant issue for present purposes is the 
“medium run” in which dynamics must be 
analyzed. 


™~. 


? 


II. Dynamics 


Assuming y and g* are measured in 
deviations from their long-run levels, a 
linear approximation to (3) and (8) is given 
by 


(9) Dy = —{R,,mP' = RywAP' | y = R,»mg* 
(10) Dg* = dP'y 


2This need not be the case, of course, if the capital 


“sstock is endogenous. 
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or 


(11) 


Dy Aiii y 
Dg* 2 0 g* 


We know that az, is positive and an 
negative. Therefore, the condition that the 
adjustment be locally stable is that 


(12) ayy = —~[R,,mP' oo Rye AP "| <0 


which is not necessarily true. In particular 
the speed of adjustment of expectations À 
can always be chosen large enough to make 
the system unstable. This is a fairly com- 
mon result (see Miguel Sidrauski).’ 

Assume expectations do not adjust too 
rapidly, so that a is negative. Then the 
system is stable, and its motion is given by 
the roots of the matrix in (11). These are 
given by 


(13) 2s = —[R,,mP’ — ReAP'] 
+ [(R,mP! — ReAP'Y — XP/R»m)'? 


ai 


The adjustment is stable, but it may be 
cyclical. In particular, even if A is small 
enough for stability, it may be large enough 
to make the adjustment cyclical. 

The phase diagram of the adjustment in 
the nonspiral case is given in Figure 1. 
Equilibrium is given by the intersection of 
the lines denoted by Dg* = 0 (from (3)) and 
Dy = 0 (from (8)). The motion in the four 
areas set off by these lines is given by the 
arrows at right angles to each other in the 
figure. The longer arrows give typical paths 
of y and g*. 

In the nonspiral case the adjustment path 
must approach AA’ as it approaches equi- 
librium. 4A’ has a slope equal to the ratio 


_ of the components of the characteristic vec- 


tor associated with the larger of the two 
roots. This reflects the long-run dominance 
of the larger root in the adjustment. It can 
easily be shown that AA' is downward slop- 


3It should also be noted that the magnitude of the 
slope of the Phillips curve P’ has nothing whatever to 
do with stability. The solution will, of course, be stable 
regardless of the size of A if the effect of inflationary 
expectations on aggregate demand Rọ» is negative. 
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FIGURE 1. TIME PATHS OF OUTPUT 
AND EXPECTED INFLATION 


ing but is steeper than the Dy = 0 line. 
Hence, adjustment paths must look like 
those depictec in the figure. In particular, 
as equilibrium is approached, expected 
wage inflation and income must be moving 
in opposite directions. In the cyclical case 
the paths are clockwise spirals. The motion 
of g is more complicated than that of g*, 
but it can be deduced from (1) and (2), 
which imply that Dg depends on y and Dy. 
When y and g* are both moving mono- 
tonically, g and g* follow similar paths. 

The model allows analysis of compara- 
tive dynamics, For simplicity the analysis is 
begun in long-run equilibrium. Consider 
first a once and for all technological change 
that leaves the natural unemployment rate 
constant, but raises production at that level. 
This raises both the Dy = 0 and Dg* = 0 
curves in the figure. However, as we know 
that the long-run inflation rate cannot be 
affected by this, we know both curves shift 
upward by the same amount, and the ad- 
justment must follow a path like BO in the 
figure. That is, at first there is unemploy- 


ment, then output rises, overshoots the 
long-run level and then declines. The in“ 
flation rate falls at first, and then goes back 
to its original level. 

Consider a decline in the rate of mone- 
tary growth. This shifts the Dg* = 0 line 
downward, leaving the long-run level of 
output unchanged. The assumption that we 
begin in equilibrium is maintained. Then 
the adjustment path looks like CO in the 
figure with output falling and then rising as 
the rate of inflation declines. 

The simplified model brings out the issue: 
of “stagflation,” i.e., high inflation and high™ 
unemployment at the same time. Suppose 
that f is increased, raising aggregate de- 
mand. This raises both employment and in- 
flation. Eventually we might expect f to be | 
cut back perhaps to its initial level, putting 
us in a position like that at point D in the 
figure. We shall follow a path like DCO 
and throughout the latter stages of the ad- 
justment (i.e., beyond the segment DC), | 
both inflation and unemployment are 
greater than they had been initially.* In- | | 
deed, as was pointed out-above, as equiA4 
librium is approached unemployment and | 


‘inflation must both be above equilibrium or 


below equilibrium, and they must be mov- 
ing in the same direction.” 

Finally, there is the issue of the differ- 
ences between Monetarists and Keynesians. 
It is convenient to separate these issues into 
long run, short run and medium run, the 
first two relating to comparative statics in 
either the long run or short run and the last 
relating to comparative dynamics. The 
model in this paper has nothing new to say) 
about the first two, which will be sum- 
marized briefly, but it does allow some in- 
sights into the last question. 

Monetarists are inclined to emphasize 


4Note that when f is decreased, putting the initial 
conditions in the northeast quadrant, expected infla- 
tion continues to worsen for a while even though the 
tight fiscal policy has lowered output. This brings out 
the lag with which inflation adjusts. 

5This does not, of course, contradict the down- 
ward sloping short-run Phillips curve, since at this 
point it is shifts in the curve due to changes in ox 
pectation that are dominating the system. £ 
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| the long run. In the long run, wages are 
| perfectly flexible and inflation is perfectly 
| anticipated. The equilibrium level of output 
| is independent of both monetary and fiscal 
| policy, and the rate of inflation equals the 
rate of growth of the money supply. In the 
short run, emphasized by Keynesians, em- 
ployment is variable and can be affected in 
' the usual ways by monetary and fiscal pol- 
icy. It is not exactly the case as often argued 
by Monetarists (see Stein, p. 883) that out- 
put is independent of monetary growth and 
dependent only on the acceleration of 
“monetary growth. In the short run, it is the 
_ difference between the rate of growth of the 
money supply and the inflation rate that 
matters. This is related to the rate of ac- 
celeration of the money supply, but is not 
the same. In the long run, of course, neither 
growth nor acceleration of money affects y. 
Monetarists are inclined to argue that a 
policy (for example, change in f} that does 
not affect the money supply will have little 
effect on income. There are two basic rea- 
sons for this. The narrow one often assoc- 
baated with the Federal Reserve Bank of St. 


| 








Louis argues that velocity is constant. The 


equation for velocity (5’) does not imply 
this, but of course whether or not the effect 
of fon V is “large” is an empirical question. 
The second reason, brought out by Mil- 
ton Friedman, concerns wealth effects. The 
argument is that a perpetual rise in govern- 
ment spending financed by selling bonds to 
the public will require a perpetual rise in the 
stock of government bonds held by the 
public, which will raise liquidity preference, 
( raising interest rates and lowering y toward 
its original level. However, the rise in 
wealth also raises aggregate demand mak- 
irig the effect of @ on y ambiguous.° Strictly 
speaking the model here does not help 
answer the question. This is because it has 
been assumed that the bond supply is exog- 
enous, and Friedman’s argument makes it 
endogenous. This forces us to add an extra 


SArguing that the wealth effect of government bonds 
_is cancelled out by expected future tax liabilities does 
i not help, since the effect on liquidity preference 
“Mould be cancelled out as well. 
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differential equation, giving ‘the rate of 
change of bonds as a function of things in 
the government budget constraint. Blinder 
and Solow have pursued this in a short-run 
fixed price model and obtained a most in- 
teresting result: that if the effect of a rise in 
the bond supply is greater on liquidity pref- 
erence than on the demand for goods, as 
Friedman’s effect requires, then the long- 
run stock flow equilibrium is unstable. It is 
beyond the scope of this paper to follow 
this up in the more complicated dynamics 
of the model here, but this is clearly an issue 
worth pursuing.’ 

Medium-term dynamic issues are con- 
cerned with whether or not the system is 
stable and/or cyclical and, particularly in 
the stable noncyclical case, with the shapes 
of the paths. Equation (12) gives stability 
conditions. As mentioned above a large 
value of A may lead to instability or to 
cyclical adjustment. Hence, strongly adap-. 
tive expectations complicate the adjust- 
ment. On the other hand a more “rational” : 
type of expectation formation such as set- 
ting g* equal to n with a small A con- 
tributes to stability. It can also be seen from 
(12) that Rm enters into the dynamics. If, as 
Keynesians might argue, R,, is small, the 
system will tend toward instability and vice 
versa for Monetarists. 

A central point of Monetarist analysis 
is that the Dg* = 0 line is flat and the 
Dy = Q line rather steep (its steepness is 
positively related to R,,, the effect of real 
balances on y). A Keynesian position might 
be that the Dg* = Q line is not flat, assum- 
ing that the coefficient of g* in (1) is less 
than unity, but that is not of central im- 
portance. A significant Keynesian assump- 
tion would be that the Dy = 0 line is 
rather flat, being perfectly flat when R,, = 0 
in which case prices rush violently toward 
zero or infinity depending on whether y is 
above or below the full-employment level 
and would have little effect on y. 

Finally, the speed of adjustment of out- 


7For an exchange on the Blinder-Solow model, see 
Ettore Infante and Stein, and Blinder and Solow 
(1976). 
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put toward its equilibrium level can be seen 
from (9). For given initial levels of y and 


g*, increases in R,, and P’ and decreases in. 


R,» will (in the stable case) speed up the ad- 
justment of output. From this it is easy to 
see that the Keynesian emphasis on slow 
price adjustment (small P’) and a small ef- 
fect of monetary policy slows down the ad- 
justment toward equilibrium and makes the 
short run more important, and vice versa 
for Monetarists. Thus, the simple model 
enables one to view more easily Monetarist 
vs. Keynesian arguments in dynamic terms; 
although, perhaps surprisingly, the crucial 
parameters turn out to be those emphasized 
in most static textbook models, Ry», Rm, 
and P’. 
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Measurement of Tax Progressivity 


By DANIEL B. SurTs* 


Everyone knows that some taxes are pro- 
gressive and others are regressive, and that 
there are degrees of each. Yet there is no 
generally accepted index of how progres- 
sive or regressive any given tax is. The pur- 
pose of this article is to present a widely 
useful index of tax progressivity, explore 
its properties, and to apply it to the analy- 
sis of the progressivity of a number of U.S. 
taxes. The index, inspired by and related to 
the Gini ratio, varies from +1 at the ex- 
treme of progressivity where the entire tax 
burden is borne by members of the highest 
income bracket, through 0 for a propor- 
tional tax, to —1 at the extreme of regres- 
sivity at which the entire tax burden is 
borne by members of the lowest income 
bracket. When the index is applied to 1970 
data, the most highly progressive U.S. tax 
‘proves to be the federal corporate income 
tax with an index of +.32. The most regres- 
Sive are sales and excise taxes with an index 
of —.15. 

A useful property of the index is that the 
index of progressivity of a tax system con- 
sisting of two or more taxes is a weighted 
average of their individual indexes. On this 
basis, the entire 1970 U.S. tax system was 
very slightly progressive with an index of 
+ .070. 

Comparison of the 1970 values of the in- 
~dex with those of 1966 reveal that, although 
there was virtually no change in the pro- 
gressivity of the U.S. tax structure as a 
whole, there were interesting changes in 
progressivity of individual taxes. In par- 
ticular, the federal tax structure became 
somewhat more progressive, but the change 
was almost exactly offset by declining pro- 
gressivity of state and local taxes. 


*Professor of economics, Michigan State Univer- 
ity. I am indebted to Joseph Pechman and Benjamin 

kner for their helpful suggestions, and for supply- 
ing the data for the 1970 calculations. 
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The nature of the index is presented in 
Section I, illustrated by its application to 
1966 tax data compiled by Joseph Pechman 
and Benjamin Okner. In addition, progres- 
sivity of 1966 taxes is compared with that of 
1970 by comparing 1966 values of the index 
with those calculated from 1970 tax data 
compiled by Okner. Section If concludes 
with discussion of a number of properties 
of the index. 


I. The Index of Tax Progressivity (S) 


The nature of the index of tax progres- 
sivity is best illustrated by example. For 
this purpose, the data of Table 1 will be 
employed. Column 1 contains the percent- 
age of families accumulated in order of 
income, marked off in deciles. Column 2 
contains the corresponding accumulated 
percent of total income. The remaining 
columns contain the accumulated percent 
of total tax revenue contributed by these 
same families. For example, the third line 
of the table, corresponding to the 30 per- 
cent of families with the lowest incomes, 
indicates that these families received only 
8.13 percent of total family income, con- 
tributed 2.90 percent of total revenue raised 
by the individual income tax, bore 4.38 per- 
cent of the corporate income tax, and so on. 

The index of progressivity developed 
from these data is related to.the Lorenz 
curve and the Gini concentration ratio. Al- 
though these measures are generally fa- 
miliar, it will facilitate the presentation to 
begin with a short review of their nature. 
Data for the Lorenz curve of income dis- 
tribution are contained in the first two 
columns of Table 1. When accumulated 
percent of total family income is plotted 
vertically against accumulated percent of 
families on the horizontal axis, we obtain ° 
the familiar Lorenz curve of Figure 1. It 
will be recalled that if income were exactly 
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TABLE 1—ACCUMULATED U.S. INCOME AND TAX BURDEN BY POPULATION DECILES, 1966 








Cumclated Percentage: Personal 
Adjusted Individual Corporate Sales and Pay- Property Total State and 
Population Family Income Income Property Excise roll & Motor Federal Local Total 
Decile Inzome Tax Tax Taxes Taxes Taxes Vehicle Taxes Taxes Taxes Taxes 
l 1.21 0.16 0.53 0.85 2.13 0.70 1.72 0.54 1.45 0.81 
2 3.88 0.89 1.97 3.18 6.25 3.02 5.42 2.10 4.48 2.8 
3 8.13 2.90 4.38 6.89 12.22 8.32 11.50 5.39 9.08 6.51 
4 3.92 6.60 7.21 10.96 19.90 16.24 19.70 10.41 14.81 H7 
5 21.16 12.00 10.38 15.33 29,07 26.60 27.47 17.01 21.40 18.3 
6 30.22 19.51 13.87 20.19 40.02 39.34 37.14 25.37 29.28 26.5 
7 40.02 28.22 17.91 25.78 51.07 $2.25 47.61 34.47 37.68 354 
8 52.29 40,28 23.59 33.19 64.43 | 67.28 60.81 46.15 48.20 46.7 
9 67.45 56.03 32.15 44.33 79.38 83.75 76.83 60.62 61.35 60,83 
10 100 100 100 100 100 100 100 100 100 100 
Addendum: 
Average tax rate 8.5 3.9 3.0 5.1 44 0.3 17.6 7.6 25.2 


Source: Calculazed from data in Pechman and Okner, and Okner. Adjusted family income is variant Ic. Tax bur- 
den was calculat2d for each population decile by applying decile tax rates to adjusted family income for each de- 
cile. Results were then converted to percentages and accumulated. 


equally distributed, the Lorenz curve would 
follow the diagonal line OB, but because 
the poorest 10 percent of families receive 
less than 10 percent of total income, the 
curve sags below the diagonal, following 
OCB. The greater the inequality of income, 
the farther the Lorenz curve bows away 
from the diagonal. 

The Gini ratio measures income concen- 
tration by tke proportion of the area of 
triangle OAB that is contained in the sector 
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FIGURE |. Lorenz Curve or U.S. FAMILY INCOME 
































bounded by the diagonal line OB and the 
curve OCB. Thus the Gini ratio can vary 
between 0 for income equality to | for the 
extreme inequality in which all income is 
concentrated i in a single family. pe 

To measure the progressivity of a tax, We 
employ a figure similar to a Lorenz curve, 
but one in which the accumulated percent 
of tax burden is plotted vertically against 
the accumulated percent of income on the 
horizontal axis. Such Lorenz curves are 
plotted in Figure 2 to represent the in- 
dividual income tax and all sales and excise 
taxes combined. If the income tax were 
strictly proportional to income, the poorest 
10 percent of all families, who earn 1.21 
percent of all family income, would bear 
1.21 percent of the income tax burden. The: 
poorest 20 percent with 3.88 percent of fam- 
ily income would pay 3.88 percent of the 
tax, and so on. Thus the curve plotted for 
such a proportional tax would follow the 
diagonal line OB. Since, however, the in- 
come tax Is progressive, the percentage of 
tax burden borne by the lowest income 
groups is smaller than their share of total 
income and the curve sags below the di- 
agonal. Thus the curve OCB corresponds 
to the income tax. 

In contrast, the percent of total tax bur% 
den imposed on low-income families by a 
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FIGURE 2. LORENZ CURVES FOR 
INDIVIDUAL INCOME TAX AND 
FOR ALL SALES AND EXCISE TAXES 


regressive tax exceeds their percentage share 
of total income, so the curve OC’B, cor- 
responding to the sales tax, arches above 
ithe diagonal. 

m Analogously to the Gini ratio we define 
the index of progressivity S in terms of K, 
the area of the triangle OAB, and L, the 
area OABC, contained between the Lorenz 
curve and the horizontal axis OA, so that 


(1) S = (K—L)/K = 1 — (L/K) 


For a proportional tax, L = K,so § = 0. 
Since the curve corresponding to a progres- 
sive tax sags below the diagonal, the area L 
is smaller than K. As a result, the index S 
is positive for progressive taxes. In the lim- 
‘iting case where the highest income bracket 
bears the entire tax burden, the Lorenz 
curve lies along the sides OA and AB, so 
L = 0 and S = +1. 
| With a regressive tax, the Lorenz curve 
iarches above the diagonal. This makes the 
area L larger than K, so S is negative. In 
ithe extreme case of regressivity, L = 2K 
and § = —1. In other words, the index of 
‘progressivity S varies between +1 in the 
limiting case of progressive tax, through 0 
for proportional taxes, to —1 in the limiting 
‘ease of regressivity. Inspection of Figure 2 
‘indicates that the values of S for income 


| 
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and. for sales taxes are roughly equal in 
absolute magnitude, but with a positive in- 
dex corresponding to the progressive in- 
come tax'and a negative value correspond- 
ing to the regressive sales tax. This is borne 
out by measurement (see below) which 
yields for the income tax, S = +.17, but for 


the sales tax, S = —.16. 


Figure 3 presents Lorenz curves for the 
six taxes studied by Pechman and Okner as 
of 1966. As would be expected from the 
known concentration of wealth as com- 
pared to income, taxes on corporate income 
and on property were much the most pro- 
gressive U.S. taxes. Payroll taxes—mostly 
for social security and unemployment 
insurance—-were the most regressive, al- 
though by only a small margin over sales 
taxes and taxes on personal property and 
motor vehicles. These findings are borne 
out by calculated indexes of progressivity 
as presented in Table 2. Progressivity of 
U.S. 1966 taxes varied from § = +.36 for 
the corporate income tax to § = —.17 for 
payroll taxes. 

The second column of Table 2 shows cor- 
responding values of S when calculated 
from U.S. tax data as of 1970 as compiled 
by Okner. Comparison of the two columns 
reveals interesting changes in the progres- 
sivity of individual taxes between the two 
dates. Whereas the individual income tax 
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TABLE 2—-PROGRESSIVITY OF U.S. TAXES, 
1966 AND 1970 


Index (S$) 
1966 1970 
Individual incom=2 tax A7 .19 
Corporate incom tax .36 32 
Property tax 23 18 
Sales and excise taxes —.16 ~.15 
Payroll taxes —.17 —.13 
Taxes on personal property and 
motor vehicles —.12 — .09 
All federal taxes 087 091 
All state and local taxes 045 .027 


All taxes 074 .070 


became slightly more progressive, the cor- 
porate incom: tax became somewhat less 
progressive. ?roperty taxes became con- 
siderably less progressive, while payroll 
taxes became considerably less regressive. 
Sales and excise taxes and taxes on per- 
sonal property became less regressive. 
Taken as a whole, the system of federal 
taxes became slightly more progressive over 
the period, bit the state and local tax sys- 
tem became slightly less progressive. The 
two changes were nearly exactly offsetting, 
however, anc the U.S. tax system as a 
whole retained in 1970 the same .slight 
progressivity rt had had in 1966. 


II. Properties of the Index 
A. Maihematical Representation 


It facilitates exposition to represent the 
accumulated percent income, measured on 
the horizontal axis, as a variable y that 
ranges from 0 to 100. The ordinate of the 
Lorenz curve representing the correspond- 
ing accumulated percent of total tax burden 
for a given tex x, then becomes 7;,( y). In 
these terms, the area under the curve cor- 
responding to tax x is given by 


PA 


(2) Ly = TC) dy 


a, 


Recalling that the area of triangle OAB 
has been designated K, we see that the index 


O OS, 
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of progressivity of tax x is given by 


100 
-UO Td 


tt 


B. Calculation of the Index 


In practice, of course, the values of 7,(y) 
are known for only a few discrete values of 
y. In Table 1, indeed, values are given for 
only 11 values of y: for yj, Yz... Yio, COIT 
responding to the population deciles, arid 
for yo = 0. But this information is adequate 
to provide a close approximation to the 
value of the integral as: i 


= > (1/2){ T. (y) + T. (yi ee Yi- 
jal l 


This approximation is easily calculated 
from data like that of Table 1, and has been 
employed in the compilation of Table pe 
The area of the triangle, K, is of course the 
same for all taxes. Since the triangle has 
base and altitude of 100, K = 5,000 
throughout. 





C. Response to Transfer of 
Tax Burden Among Families 


The index has the following important 
property: any change in tax law that trans- 
fers part of the tax borne by any family to 
another family with higher income increases 
S. Likewise any transfer of tax burden to a 
lower income family reduces S. Since this 
property of the index is quite obvious, it is 
sufficient to demonstrate it informally. Sup- 
pose a change in law transfers p percent of 


‘ total tax burden from families in the third 


population decile of the income distribution 
to families in the seventh decile. Such a 
transfer leaves unaffected the values of 
T..( y;) associated with deciles | and 2 and 
with deciles 7 through 10, but subtracts p | 


from values of 7,(y,) associated with dey 


ciles 3 through 6. As can be seen from the 
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approximation (4), the result is a reduction 
of L and an increase in S. Similarly, trans- 
fer of tax burden from high income to low 
income families increases L and reduces S. 


| D. Systems of Taxes 

| Although the degree of progressivity of 
individual taxes is often of Interest, it is 
more important from a policy point of view 
to treat the tax system as a whole. Another 
useful property of the index of progressivity 
is that the index for a system of two or more 
taxes is the weighted average of the indexes 
for the individual taxes, with respective 

average tax rates as weights. Average tax 

: rate is defined for this purpose as the ratio 

_of total dollar revenue yield of the tax to 

| total dollar family income. 

| In other words, where S, and S, are in- 
dexes for taxes x and z, and r, and +, are 
the respective average tax rates, the index 
of progressivity of the two taxes taken to- 
gether as a tax system, S,,, iS given as 


(5) Sy. = (7S, + PS) x + T2) 


To see why this is so, recall that the ordi- 
nate of the Lorenz curve for tax x, that is, 
T,(y), is the accumulated percentage of 
| total revenue from tax x borne by those 
families whose incomes accumulate to y 





i come for all families combined is Y, then 
total revenue from the tax in question is 
|Y = R,. In these terms, the total burden 
_of tax x borne by those families whose in- 
comes accumulate to y percent of total 
becomes 


(© 8 = RyT.(y)/100 = r YT,(y)/100 


Similarly, the total dollar burden of. tax z 
on these same families is 


(7) $, = F, YT,( y)/ 100 


It immediately follows that the percent of 
total burden of the two taxes combined 
that is borne by these families is 


ie Dz( y) ($x F $.)/(Rx +: R,) om 
z [T Cy) + rT Y) / (Ce + r) 


percent of total income. If total dollar in- — 
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. It follows that 


100 


(9) Syz = | — (1/K) A Tx-( y) dy T 


100 
| — (1/K) [r | TOA 


100 


+r T:(y) J [re + ra) 


It requires only slight algebraic manipula- 
tion to complete the proof. 

When the individual tax indexes in Table 
2 are averaged, using the average tax rates 
provided in the addendum to Table 1, the 
results for the entire tax system were S = 
.077 in 1966 and S = .069 in 1970, as close 
to the value calculated directly for the total 
tax system as rounding permits. When the 
entire U.S. tax system is treated as a whole, 
highly progressive taxes average with re- 
gressive taxes to produce a system that is 
very nearly proportional. 

Since the subsystem of federal taxes is 
more heavily weighted with highly progres- 
sive taxes than is the state and local system, 
it proves to be the more progressive of the 
two, but the difference is surprisingly small, 
as can be seen when the two are plotted . 
together in Figure 4. The values of S are 


100 


50 
State and local 


Accumulated Percent of Total Tax Burden 





0 50 100 


Accumulated Percent of Total Income 


FIGURE 4. CURVES FOR FEDERAL, 
STATE’ AND LOCAL, AND TOTAL TAXES 
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recorded in Table 2. Note again that the 
value of S for the total tax system is the 
weighted average of the values for the fed- 
eral and state and local subsystems. 


E. Listribution of Income 
and the Value of S 


In interpreting the index of progressivity, 
it must be borne in mind that the value ob- 
tained for anv given tax is affected by the 
initial distribution of income among fam- 
ilies. One simple way to see that this must 
be so is to consider a poll tax. The percent 
of poll tax burden borne by families with 
accumulated percent of income y is ap- 
proximately proportional to the percent of 
families in that income bracket. Thus the 
Lorenz curve represenging the poll tax 
would be identical to the Lorenz curve of 
Figure 1, but with the axes interchanged. 
This makes the index S$ for the poll tax 
simply the negative of the Gini ratio for the 
income distribution. The poll tax represents 
an extreme instance, but similar considera- 
tions apply to any other tax. 

This aspect of the index serves to empha- 
size that income distribution is central to 
_the very concept of progressivity. There is 
nothing inherently regressive about a sales 
tax or-even a poll tax. They are regressive 
because income is unequally distributed, 
and the more unequally income is dis- 
tributed, the more regressive they become. 
Comparison of indexes for different taxes 
properly reflects the nature of these taxes in 
terms of the income distribution of the so- 
ciety within which they are applied. By the 
same token, however, the dependence of 
the index on income distribution presents 
an important qualification to its use in com- 
parison of tax progressivity among different 
societies with different income distribu- 
tions. 


F. Tie Index as an Average 


The index S measures the average pro- 
gressivity of a tax or tax system across the 
entire income range, yet some taxes are 
progressive over one range of incomes and 
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FIGURE 5. LORENZ CURVES OF 
Two TAXES WITH S =0 


regressive over another. Figure 5 compares 
the curves of two taxes, one that is regres- 
sive at its lower but progressive at its upper 
range, the other is the opposite. The S$ 
ratio for such taxes depends on the alge- 
braic sum of the areas between the curvs< 
and the diagonal line, with areas below the | 
diagonal taken with positive, and those 
above the diagonal with negative sign. Thus 
both the taxes in Figure 5 would be de- 
scribed by S = 0, and would be classified 
as proportional taxes. 

This is a familiar problem with any sort 
of average. Distributions with equal means 
can have widely different variances; those 
with equal variances can have widely dif- 
ferent skewness. The S$ index is no excep- 
tion to the general rule that it is impossible 
to capture completely a complex phenome- 
non by a single measurement, but it still 
represents a widely useful measure of tax 
progressivity when carefully applied. 
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“On the Optimal Size of Underpriced Facilities 


By RICHARD C. PORTER* 


Concern over the optimal size of a facil- 
ity whose use is unpriced or underpriced 
has finally appeared (see Gene Mumy and 
Steve Hanke), but under the assumption 
that the use of the excessively demanded 
facility is costlessly rationed by some ran- 
„dom mechanism such that ‘teach of the de- 
manded consumption units...has an equal 
probability of being satisfied” (p. 714). 
While examples of lotteries exist, by far the 
most common rationing devices for under- 
priced facilities are queues and congestion 
in which the user pays in wasted time rather 
than (or as well as) money, and those with 
the lowest willingness to pay are excluded.’ 
This brief note outlines the efficiency cri- 
teria for determining the optimal size of fa- 
cilities where use is rationed by means of 
wasted time. 
bh. When consumers pay time rather than 
money, the demand curve—i.e., the willing- 
ness-to-pay-money curve—is no longer the 
correct measure of the marginal benefit of 
an increased flow of users. In this note, the 
appropriate marginal benefits are identified 
and the criteria for the efficient size of the 
facility are derived for rationing by queue 
and by congestion. Finally, it is shown that 
welfare is greater in an optimally sized, 
underpriced, congested facility than in an 
optimally sized, underpriced, queued-for fa- 
“sility; and the conditions are explored 
under which queueing and congestion yield 
greater welfare than an optimally sized, 
underpriced facility rationed by random 
entry (i.e., that discussed by Mumy and 
Hanke), 


*Professor of economics, University of Michigan. 
I would like to thank Alan Deardorff for several help- 
ful comments on an earlier version. 
l Failure to recognize that wasted time is a rationing 
rocess is most flagrant in Seneca, where zero will- 
dopes to pay users are assumed to enter the facility 
evén after congestion arises. l 
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I. Assumptions 


First of all, it must be noticed that this is 
a second best problem since zero pricing of 
any scarce resource is per se inefficient— 
the burden of queueing, or waiting time, is 
a deadweight loss, and congestion will be 
excessive in the absence of tolls because of 
the negative reciprocal externalities? Where 
the government’? has chosen to underprice 
because some goal other than efficiency is 
thereby served, there is a question whether 
efficient investment criteria are at all rele- 
vant. When we seek such criteria, we must 
be assuming that the application of a higher 
price would be desirable but is precluded by 
some irresistible noneconomic force.’ 

There are inevitably resource costs to the 
admission or exclusion of customers for a 
limited facility, and these will differ among 
various rationing mechanisms. This note 
proceeds on the traditional assumption that 
all such costs are zero. Moreover, we 
should recognize that while both queueing 
and congestion waste time, they do not 
waste it in the same way. It is often possible 
to do something else while waiting—“En- 
glish housewives...enjoy a good wait” 
(Nichols, Smolensky, and Tideman, p. 312) 
—and congestion often implies discomfort 
and reduced quality of service as well as 
wasted time.” Here we assume that time is 


On waiting time, see D. Nichols, E. Smolensky, 
and T. N. Tideman; on congestion, see among others, 
Frank Knight or M. Bruce Johnson. 

-While temporary underpricing due to misestimates 
of demand are not rare in the private sector (see, for 
example, the discussion of professional football in 
Roger Noll, pp. 141 ff), the persistent underpricing we 
are concerned with appears essentially in the province 
of public decision making. 

4We ignore here, through the use of partial equi- 
librium analysis, any problems evoked by inefficiency 
elsewhere in the economy. 

5In principle, of course, decayed quality can al- 
ways be translated into a monetary equivalent. For an 
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time, whether wasted in a queue or wasted 
through congestion. 

The assumption that time is time and that 
people prefer not to waste it, at least 
through queues and congestion, means that 
it can be linearly translated into money for 
each user. But we must go still further if we 
are to infer the willingness to pay money of 
a group of consumers from the amount of 
time wasted in a queue or through conges- 
tion. For example, let the lines labeled A 
and B in Figure 1 represent for each of two 
users (A and B) the offer curves (i.e., loci of 
indifference) between wasted time and 
money price for their first use of a facility. 
If a money price is set so as just to induce 
the entry of bath A and B (say once each) 
without wait, the price will be Pp; user B de- 
rives no consumer’s surplus, but A’s will- 
ingness to pay money exceeds the price 
charged by an amount equal to the distance 
Ag Py. If, instead, no money price is charged 
and an admission queue lengthens suf- 
ficiently to just induce the entry of both A 
and B (again, once each), the time wasted 
by each will be 7); now A derives no sur- 
plus, but B would have been willing to wait 
Bo To more time-units for entry; the money 
value of that time to B is equal to the dis- 
tance OB,. But we cannot cavalierly assume 
that OB, equals Ay Po. The money value of 
the consumer’s surplus will be different for 
the same flow of users depending on 
whether time or money is used to ration 
entry. This is a serious complication, both 
conceptually and empirically, and this brief 
note avoids it by assuming that the offer 





interesting application of the differential subjective 
cost of waiting and congestion, see J. Vernon Hender- 
son. 

6For a rational consumer who chooses his hours of 
work, the linear translation can be made through the 
multiplication of time by either the after-tax wage 
rate or the marginal rate of substitution between 
leisure and income—since the two are identical. 
Otherwise, we must use a weighted average of the 
two rates. Furthe> adjustment is needed when there 
is special disutility attached to wasted time or de- 
cayed quality. Th linear relation assumes that the 
facility demands a sufficiently small part of the bud- 
get that income effects and inframarginal changes 
can be ignored. 
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FIGURE | 


curves of A and B (and indeed, of all po- 
tential users) are parallel. Then the money 
value of the consumer’s surplus is the same 


regardless of whether the rationing mecha- | 


nism is a money price or wasted time—but 


it does require us to assume that all poten- | 
tial users have the same rate of tradeoff begad 


tween money expenditure and wasted time.’ 

Of course, not all potential users need be 
identical in their evaluations of the facility. 
Indeed, if all demands were identical and if 
the facility were used to capacity before 
anyone used it a second time, there would 
be no consumer’s surplus to consider re- 
gardless of whether the rationing were done 
by money or by time. What we assume (in 
terms of Figure 1) is that the price-time 
tradeoff lines of different users are parallel, 
but not coincident. 


II. The Marginal Benefit Curve 


The vertical axis of the demand curve for 
the facility can, under the above assump- 
tions, be thought of as the willingness to 
pay in either money or time. Thus, in Fig- 
ure 2, the flow of users (X) will be re- 
strained to Xo either by the imposition of a 
money charge of Py or by the development 


made to be one to one. 


| 
7And, by choice of units, the rate of tradeoff ist 


| 
| 


| 


A aaa ant 
PN er ra tt a aaaea: 





FIGURE 2 


of a queue which requires wasted time of 
To. Consumers are indifferent whether a 
money price of Py or a time price of Tọ is 
used to ration the facility. In either situa- 
tion, the same Xp users enter the facility 
and the inframarginal users (and uses) ře- 
ceive the same aggregate consumer’s sur- 
plus—equal to the triangle, PGH (or 
ToGH). 

But the similarity between a money price 
of Py and a time “‘price” of Tọ ends there. 
For when the money price is charged, some- 
one collects the revenue of OP,;HXo; the 
money value of the time wasted in the 
/queue——also OP, HX,)—accrues to no one. 
‘Thus, the surplus generated when a money 
price is charged is OGH Xo, but when a time 
price is “charged” is only PoGH. In both 
cases, the consumer’s share of the surplus is 
PGH, but what is the seller’s gain when 
money is charged becomes a deadweight 
loss if a queue is formed. 

The marginal benefit of admitting one 
more consumer to the facility is therefore 
not the same when entry is rationed by 
wasted time rather than by money. When 

oney is the rationing mechanism, an in- 
yo in the flow of users from Xp to X; 


RETNA A aaar  o a 
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requires a reduction in the money price 
from P, to P, and occasions an increase in 
the surplus generated of X,HIX,. The con- 
sumer’s share of this additional surplus is 
P ¿HIP,, and the seller’s share is X)JIX, 
minus PọHJP, (which is positive if mar- 
ginal revenue is positive). All this is well 
known, but it is necessary to reproduce it 
to make clear the great difference when 
wasted time is the rationing mechanism. In 
order to induce an increased use of the fa- 
cility from Xə to X,, a reduction in the 
wasted time is necessary, from To to T,. The 
inframarginal consumers gain, as with a re- 
duction in the money price from Py to P}, by 
an amount equal to P)H/P,. But no rev- 
enue accrues to anyone, only a change in 
the total time wasted in the facility. Thus 
the change in the surplus generated is equal 
to the change in the consumer’s surplus. 
When jt is rationed by wasted time, the 
marginal benefit of expanding the use of the 
facility from Xə to X, is T),HIT,—dquite 
different from the marginal benefit of 
Xo HIX, when it is rationed by money. 

In general, the marginal benefit of ex- 
panding the flow of users into a facility 
rationed by wasted time is the vertical dis- 
tance between the demand curve and its 
concomitant marginal revenue curve. To 
show this, let the willingness to pay (P) be 
P = P(X), where P’ ts the first derivative 
of P with respect to YX, and the marginal 
revenue (MR) is (XP' + P). The marginal 
benefit (7B,) of entry under a rationing 
scheme of wasted time can then be derived: 


d A 
M By = av | [Pas = pay-x| 


= ea 
= P ~ MR 


Under money rationing, the marginal bene- 
fit of the facility is P, the money price the - 
marginal user is willing to pay; under time 
rationing, the marginal benefit is (P — 


wed 


8The time wasted per use is reduced from Tọ to T), 
but the number of uses is increased from Xg to Xj. 
Whether the total time wasted rises or falls depends 
upon whether demand is elastic or inelastic. 
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MR), the time saved by the inframarginal 
users, 

Very little can be said generally about the 
position and slope of this marginal benefit 
(MB,) curve except that it will be below the 
demand curve when demand is price elastic 
and above the demand curve when demand 
is price inelastic.? Most disturbingly from 
the viewpoint of application, even the direc- 
tion of slope cf the MBy curve is uncertain. 
The functional form of the demand curve— 
or more precisely, the exact relation of price 
elasticity to quantity—is critical. For ex- 
ample, the M By curves always slope down- 
ward (and are convex to the origin) for 
constant price elasticity demand curves, 
but they always slope upward (linearly from 
the origin) for linear demand curves.’ 


Il. Rationing by Queue 


Rationing by queue means in its clearest 


sense that the government (or some public 
spirited groug) provides a certain size of the 
facility and then admits applicants with no 
(or small) money charge, but only as ra- 
pidly as is ccnsistent with the absence of 
congestion in the facility. The queue of ap- 
plicants lengthens until, in equilibrium, the 
waiting time discourages just enough ap- 
plicants that the facility can handle the 
remaining flew without congestion. The 
size of the facility (S), defined as the flow 
of users it can accomodate without conges- 
tion, is therefore equal to the actual flow 
(X), and one can directly compare the bene- 
fits of admitting X to the costs of providing 
S in order to determine the optimal size of 
the facility. 

A taxonomy of cases—i.e., of all com- 
binations of upward-sloped and downward- 
_sloped curves of marginal benefit of flow of 
users (MBy) and marginal cost of size of 
facility (AfC,)—is not necessary. Three 
basic kinds of results can emerge; they are 


It can be shown that MBy = P/n, where 7 is the 
absolute value of the price elasticity of demand. 

'OThe MBy curve is even horizontal for one fam- 
ily of demand curves, that in which X = kje? 
where kų and k, are positive parameters. Then 
MBy is equal to £/k for all X. 
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FIGURE 3 





illustrated in Figure 3(a, b, and c).!! Fig- 
ure 3a shows the case of an interior opti- 
mum where S* (= X*) lies between zero 
and one.” Figures 3b and 3c also display 
intersections of MBy and MCs, but at min- 
ima rather than maxima. Thus, the optima | 
are at the extremes; in Figure 3b, facility | 
should be constructed (i.e., S* = = 0), 
and in Figure 3c, a facility sieht to hans 

dle the full zero price demand is called for ' 
(e, S* = X* = 1), | 


IV. Rationing by Congestion 


The analysis is more complex for ration- 
ing by congestion because the actual flow 


ILBy suitable choice of flow units, the flow de- 
manded at zero price is hereafter set equal to unity. 
It should be noted that consideration of demand 
curves which never reach the quantity axis, and 
hence imply an infinite demand at zero price, is pre, 
cluded, but they are usually inappropriate for t thit 
kind of analysis. 

2The asterisk hereafter indicates the optimum. 
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f users (X) does not necessarily equal the 
ize of the facility ($). Indeed, since we have 
efined the “size” of the facility as the larg- 
st flow possible without congestion, ration- 
Me. by congestion implies X > S. And 

here X exceeds S, it is not appropriate— 
s when analyzing queues—to compare 
traightforwardly the marginal benefit of 
n addition to ¥ with the marginal cost of 
n identical addition to S. It is necessary to 
nquire into the way in which X changes in 
esponse to changes in S. 

Let us make the assumption, partly for 
implicity and partly for realism, that there 
re constant returns to scale in the facility; 
or example, a doubling of the size of the 
Facility permits a doubling of the flow of 

sers at any given degree of congestion. 
hen we can write time wasted through 


alues of T’ and T”’ for all X/S > 1 reflect 
he ever greater average wasted time that 
accompanies greater congestion. In Figure 
, the effect of increasing S from zero 
through two intermediate values to one is 
illustrated.'* Clearly, X = S when S equals 
zero or one; in between, X will be greater 


3Recall that saturation (i.e., zero price) demand is 
fefined as one. It should be noticed that the T(X/S) 
curves represent average not marginal congestion 
cost and hence that the flows X; and X> indicate ex- 





ongestion as T = T(X/S), where positive | 
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than S. For any demand curve whose ma 
ginal revenue curve slopes downwari 
dX/dS will be greater than one for lo 
values of S and less than one for high value 
of S.“ Since the marginal cost of flo 


cessive congestion of facilities sized S; and Sy, r 
spectively—-excessive, that is, from an efficien: 
viewpoint. 

l4For a facility whose use is to be rationed by tin 
wasted through congestion, 


(a) P=T 
(b) P= P(X) 
(c) T= T(X/S) 


(by choice of units) 

(demand curve; dP/dX = P’ <x 

(congestion time, assumed d 
pendent on the ratio of X 
S:dT/d(x/S) = T' > 0 a 
d*T/d(X/S)? = T" > 0) 


In equilibrium, 


(d) P(X) = T(X/S) 

and hence 

(e) dX o (X/S)T 
aS T -SP 


In the limit as S goes to zero, dX/dS goes to X/ 
which is greater than one (since X is always great 
than S$ except at Y= S$ =0 and ¥ = S = 1), And 

the limit as S goes to one, dX/dS goes to T'/(T" 

P’) which is less than one. Furthermore, dX/dS fal 
monotonically from a value above one at $ = 0 to 
value below one at S=1 if dX jds? is negativ 
which it will be if (as a sufficient but not necessa: 
condition) the marginal revenue curve attendant 
P(X) is downward-sloped {i.e., if XYP” +2P'<{ 
(I thank Phillip $. Kott for preventing an error here.) 
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(MCy) is related to the marginal cost of 
size (MCs) ty MCy = MCs /(dX /dS), this 
means that MCy will be less than MCs for 
small S and greater than MCs for large S 
(where “small” and “large” mean relatively 
near zero and one, respectively). Thus the 
MCy curve will be more steeply upward- 
sloped, or less steeply downward-sloped, 
than the relevant MCs curve. 

Although the situation is more compli- 
cated with congestion than with a queue 
from an analytical viewpoint, the qualita- 
tive implications of the queue analysis are 
unchanged. Three kinds of results can 
emerge from the criteria for optimal size: 


a) O< St < X* <1 
b) X* = S* =0 
c) X* = $* = | 


just as illustrated in Figure 3. But the fact 
that the MCy curve is more upward-sloped 
(or less downward-sloped) than the MCs 
curve does make it more plausible that situ- 
ation a) will generally emerge, rather than 
b) or c). 


V. Toward Empirical Application 


The criter.a for optimal size developed 
above can be straightforwardly applied— 
in principle. One must learn: 1) the demand 
curve, which permits calculation of the 
marginal benefit of use of the facility 
(MBy,); 2) the marginal cost of the size of 
the facility (MCs); 3) the money value of 
wasted time <o users of the facility; and 4) 
if congestion is to ration the flow, the way 
in which use reacts to size (dX/dS). One 
then applies the well-known marginal and 
total criteria. 

While the principle is straightforward, 
the empirical task is not. Compared to 
money-priced facilities, a more careful 
estimate of the demand curve is called for 
since its functional form is so critical to 
estimating marginal benefits. Moreover, if 
congestion is contemplated as the rationing 
scheme, the complexities of exactly how use 
(X) will respond to size (S) must be ex- 
plored. Finally, the money value of wasted 
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time is neither the same for all users—-as we 
have been assuming throughout—nor sim- 
ple to estimate. When different users value 
time differently, the relationship between 
the demand and the marginal benefit curves 
is even more intricate. 


VI. Welfare Implications 


It is well known that the first best ration- 
ing mechanism for any facility which is con- 
gestible’® involves both congestion andyg 
money price. Here we explore the secon 
best welfare optima where a single rationin 
scheme is to be adopted and where the fa 
cility is of optimal size for that rationin 
scheme. Three non-money-price rationing 
methods are compared: queueing, conges- 
tion, and random entry. This last device! 
analyzed extensively by Mumy and Hanke, 
gives an equal likelihood of free admittanc 
to each potential demander and henc 
implies a marginal benefit curve that i 
horizontal at the average willingness to pay 
of all potential demanders. al 

First, compare queueing with rando 
entry. The marginal cost of entry under th 
two schemes is the same under both, sinc 
no congestion is permitted to arise (i.e. 
X = S). Which yields greater welfare’ 
therefore depends entirely on the differences 
in marginal benefits. The comparison can 
be made by examining the four possible 
cases with an upward-sloped marginal cost 
of size of facility (MCs) curve and a mono- 
tonic marginal benefit of flow of users 
under queue rationing (MB$) curve, -as 
shown in Figure 5. The four cases differ as 
to whether the MB$ curve is sloped upward 
(a and b) or downward (c and d) and 
whether the optimum size occurs to the left 
(a and c) or right (b and d) of the inter- 
section of the two marginal benefit curves 
(MB? for queueing and MBF for random 
entry). Nothing can be said tn general about 
whether the optimal size will be larger 


15See, for example, Jan Acton. 
16By congestible is here meant simply that X E 
exceed Ș though at a cost of greater time per customs} 
\7Phat is, the excess of the total benefit of flow ol 
users over the total cost of the facility. 
1 
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ess (a) 


K 


i 
i 
under queueing or random entry. But ex- 
mination of the areas between the relevant 
By curve and the MCs curve (up to the 
ptimal size) does show that total welfare 
ill be greater with a queue if the MB? 

ve is sloped downward (c and d), and 
total welfare will be greater with random 


entry if the MB$ curve is sloped upward 
(a and b).” 


18Comparison of the areas of surplus is straight- 
forward for Figures 5a and 5c; for the other two com- 
parisons, it is necessary to recall that the total po- 
tential benefit is the same under any rationing 
mechanism—i.e., when all demanders are admitted 
free of any time or money cost, the consumer’s sur- 
plus is equal to the total area under the demand curve. 
Downward-sloped MC's curves do not alter the gen- 
eralizations of the text except that they make corner 
shisions more likely. Obviously, if S and SR are 
both equal to Q or 1, there is no difference in the wel- 
fare they generate. 





PORTER: UNDERPRICED FACILITIES 759 


(b) 





* o% 
Sq SR 


FIGURE 5 


Next, compare congestion with queueing. 
The marginal benefit of entry under the two 
schemes is the same under both, since 
wasted time is the rationing device. Which 
is superior therefore depends entirely on the - 
differences in marginal cost.” The welfare 
comparison is readily made with the help of 
Figure 4. For any size of facility, other than 
S equal to zero or one, the average time 
wasted per user is greater if a queue is used 
to restrain the flow to § than if a congested 
larger flow is permitted; for example, in a 
facility of size S$, (in Figure 4), the average 
time wasted is T, for a queue and only T, 
for congestion. Moreover, congestion per- 
mits a greater flow of users (i.e., X, > $). 
Thus, at S;, the consumer’s surplus under 


19Recall that, for congestion, MC$ is not the same 
as MC 5 (whereas MC ¥ and MC § are the same). 
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congestion is larger than that under queue- 
ing by the area, T.-K LT7,. Differently put, a 
congested fecility of size S, provides as 
much consumer’s surplus as a queued-for 
facility of the larger—and hence more 
costly—-size ¥,. While this greater efficiency 
of congestion in generating surplus makes it 
impossible to say generally whether the 
optimally sized facility with congestion 
(S£) is larger or smaller than that with 
queueing (S5), it is clear that at optimal 
size the we.fare provided by congestion 


(W° at S#) is greater than the welfare pro- ` 


vided by an optimally sized queued-for fa- 
cility (W? at S#). The proof: W° at Së is 
greater than W c at S% by the definition of 

opima size; and Wwe at S§ is greater than 
W® at S$ by virtue of the faci that, for any 
size of facility, more consumer’s surplus is 
generated if it is congested than if it is 
queued for; therefore, W° at S# is greater 
than W° at Sġ. 

Finally, compare congestion with ran- 
dom entry. The relative optimal sizes can- 
not be detezmined in general (i.c., S% 2 
S), as the preceding two paragraphs 
suggest. If the marginal benefit curve with 
congestion is downward-sloped, the maxi- 
mum welfare with congestion exceeds smar 
with random entry (since WS at SE > W2 
at S > W* at S#). If the MBỌ curve is 
upward-slopzd, no general result emerges. 

Thus, ifar optimally sized facility is pro- 
vided for tke rationing mechanism used, 
congestion always offers greater welfare 
than queueing, and both congestion and 
queueing offer greater welfare than random 
entry if the marginal benefit curve (of 
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queueing and congestion) is downward 
sloped. Where this marginal benefit curve i: 
upward-sloped, random entry yields greate: 
welfare than queueing and perhaps greate: 
welfare than congestion. 
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L Welfare-Maximizing Price and Output with 
E Stochastic Demand: Note 


By PER ANDERSEN” 


In a comment to Gardner Brown, Jr. and 
. Bruce Johnson (hereafter called B-J), 
ichael Visscher points out that the B-J 
onclusions change if the rationing system 
hanges. In the B-J approach it is assumed 
Hat available production is allocated to 
hose with the highest consumer’s surplus. 
isscher analyzes two alternatives. In the 
rst system service is offered first to those 
laimants with the least willingness to pay 
riven a limited production. In the second 
ystem it is assumed that the available pro- 
Huction is allocated randomly between all 
ustomers willing to pay the price P. The 
purpose of this note is primarily to point 
but some unnoticed implications of Vis- 
‘cher’s two rationing systems, but also to 
srrect a minor error in his analysis. The 
jotation is the same as that of Visscher. 


I. A Reformulation 


If service is first given to those customers 
ith the lowest willingness to pay, the sum 
of consumer’s surplus and total revenue can 
be depicted as the area BCDE in Figure 1 
n case of excess demand.’ The objective 
unction is assumed to be W = E (willing- 
mess to pay —E& (average variable costs - 
Bales) —£ (capacity costs). If the stochastic 
erm of the demand function u is sufficiently 
igh, the. demand cannot be satisfied. 
herefore L; and L, must be subtracted 
from the area ACDO to obtain an expres- 
sion for total willingness to pay. The ex- 
pected value of Lı + Lis 


*Assistant professor, University of Odense, Den- 
mark. I am indebted to E. Gørtz and S. Holm for 
valuable comments on a first draft of this paper. 

‘It is assumed that every pozentia) customer de- 
ffands only one unit of the product. 


(1) E(Li + L) = [fw 
x (~u) 
{ i 


[X(P) + u - 


[X(P) + u] dP + 
Z\X~'(X(P) — Z)} du 
The value of G in Figure | is determined 
from the relation 
(2) X(P)+u=X(P)+u-—Z 
which gives 
3) G =X" (X(P) - Z) 
and not, as indicated by Visscher, 
B9) G=HX'(-w)-X'(Z-w+P 
The welfare expression Is given in (4). 

The objective function is maximized by 
differentiating with respect to P and Z and 


by setting the derivatives equal to zero as 
done in equations (5) and (6). 


m x7! {-u) 
(4) W= a s f (XP) + u] 


x7 '(~n) 


-dP du + PX(P)— f f(u) fi 
X (P) '(x(P)-Z) 


aG 


[X(P) + u] dP du — f 


Z- X(P) 
SWX (X (P) - Z)-[X(P) + u - Z] 


du- AXP) - J i 
Z~X(P) 


+z- xP) f fot - BZ 


en 


uf (u)du 


(5) So -XPP - (1 - FZ - XP) 


-X-'(X(P) — Z) — bF(Z — X(P))] = 0 


762 THE AMERICAN ECONOMIC REVIEW 


FIGURE | 


6) 2E 2a -FZ - x(P))) 


ðZ 
-(X\(X(P) - Z)- b)- B = 0 
ow 
D = = (1 — F(O 
57 hnr 707 FO 
Z=X(b+8) 


- (X0) ~ b) - £ 


Adding (5) divided by X '(P) to (6) we ob- 
tain that the optimal price given an opti- 
mally adjusted capacity becomes P = b + 
6. Depending on cost and demand 
parameters the optimal capacity may be 
smaller or greater than riskless capacity. 
This can be seen by evaluating @W/dZ for 
P=64+ 8 and Z = X(b + 8). From 
nee (7) it follows that the optimal 
capacity is greater (less) than the riskless 
capacity if the probability of excess de- 
mand multiplied by the difference between 
the riskless demand curve’s intersection 
with the ordinate axis and the short-run 
marginal costs is greater (less) than the 
marginal capacity costs. In the special case 
where u is distributed symmetrically around 
zero, i.e., F(Q) = 1/2, the optimal capacity 
becomes greater than in the riskless case if 


(8) XO) > 28 +b 
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II. The Price-Capacity Relation 






















In Visscher’s analysis it is assumed tha 
capacity is optimally adjusted. The sam 
holds for the B-J approach. But as the ca 
pacity adjustment ‘is typically a time-coj 
suming process, it is also of importance t 
analyze (5) given that Z is not necessaril 
optimally adjusted. It follows directly fro 
(5) that the optimal price is always greate 
than the short-run marginal costs. It is o 
special interest to note that the price is no 
necessarily a decreasing function of th 
available capacity as is the case in norma 
economic models. As an illustration of thi 
point it is assumed that the stochastic ter 
u takes on two alternative values, u, and u 
(u, > u2), with the probabilities s and 1, 
s, respectively, and that the riskless de 
mand is linear (X(P) = A — BP). From (5 
we get that the optimal price P¥ is given b 
equation (9). It follows from (9) that th 
optimal price is an increasing function o 
the available capacity within certain limit 
when those customers with the lowest will 
ingness to pay are served first. 

In my earlier paper, I show that this con 
clusion is valid also in the case where cus 
tomers are served randomly. Under th 
same assumptions as above the optim 
price Př is shown in (10). 
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A +u- Z s Z A +u,- Z 
z r — + 
B (1 — s) B B 
S A +u, — Z S Z A +u- z 
9 Pres — + b for — +b < 
©) ' “Vil-s) B B (1—s) B B 
A + uy — Z for S zZ y A G a ui ~~ L 
| B (1 -—s) B B 
| ain 
| sZ dom rationing, is equal to the average of the 
2(1 — s)B + b for optimal prices-obtained in case of the two 
other refusal systems. 
: = {|A+mh-Z2 z sZ 
(0) Př=<. B ~ 20 — s)}B 
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| P¥ otherwise 


"An economic interpretation which can be 
applied to both of the models considered 
above is given in my 1974 article. 

| In the B-J model it is shown that the 

| optimal price is equal to short-run mar- 

| ginal costs. Given the special cases outlined 

"above it is demonstrated that the optimal 

rice within certain limits, in case of ran- 
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Equilibrium Concepts in the Theory 
of Public Goods 


a 


By Bruce N. ANGIER AND THOMAS S. MCCALEB* 


In a recent article in this Review, Theo- 
dore Bergstrom and Robert Goodman 
formulate a model of the demand for pub- 
lic goods which they use to estimate certain 
parameters of the demand function. They 
claim that the assumptions on which their 
model is based were proposed and studied 
by Howard Bowen, and refer to an alloca- 
tion of goods satisfying these assumptions 
as a Bowen 2quilibrium. We shall argue 
that this is a misrepresentation of Bowen’s 
model; that Bergstrom-Goodman’s assump- 
tions are, in fact, not equivalent to Bowen’s; 
and that this difference in assumptions re- 
flects very different objectives. Where 
Bergstrom-Gcodman’s model is used to 
provide a pcsitive analysis of collective 
choice under simple majority rule with 
fixed tax shares, Bowen was interested in 
the essentially normative problem of attain- 
ing efficiency in collective choice under 
some of the more common voting rules. 

Their model is based on the following 
assumptions: 


l: The public good can be provided at 
constant urit cost. 

2: Each individual’s share in the cost of 
public goods supply is independent of 
the amoun: of public expenditures and 
of his own oreference revelation. 

3: Each individual is able to determine his 
preferred quantity of the public good 
given his tax share. 

4: The quantity supplied of any public 
good is equal to the median of the quan- 
tities demanded by the individuals. 

5: The median quantity is the quantity de- 
manded by the individual with median 
income. 


*Instructor in economics, North Carolina State 
University, and assistant professor of economics, Rice 
University and University of Kansas, respectively. 
Appreciation is expressed to James A. Wilde for a 
helpful comment dn an earlier version. 


The thrust of these assumptions is that the 
median voter rule from the theory of simple 
majority voting can be used to determine 
the outcome of the collective decision 
process in which the quantity of a public 
good to be provided is at issue. Having | 
listed their assumptions, Bergstrom-Good= 
man go on to state that assumptions 1- 
4 were also proposed and studied by 
Bowen. Furthermore, they refer to an al- 
location satisfying assumptions l-4 as a 
Bowen equilibrium. 

Bowen’s model is based on the following 
four assumptions (p. 34): 









1: ‘“*... all individuals in the community ac- 
tually vote and...each expresses a pref- 
erence which is appropriate to his indi- 
vidual interests.” Soi 

2: “*,,. the cost to the community of pro- 
viding various possible quantities of 
{public goods] is known.” 

3: “*...the cost of whatever amount...is 
to be ‘produced’ will be divided equally 
among all the citizens.” 

4: “... the several curves of individual mar- 
ginal substitution are distributed accord- 
ing to the normal law of error.” | 





Bowen’s assumptions | and 2 are similar, 
though not identical, to Bergstrom- Good- | 
man’s assumptions 1-3. Nowhere in Berg; 
strom-Goodman’s analysis, however, does 
one find any analog to Bowen’s third and 
fourth assumptions. Moreover, Bowen’s 
analysis is not confined to simple majority | 
voting outcomes, as is the Bergstrom- 
Goodman discussion. Instead, Bowen takes 
into account both simple majority voting 
and plurality voting. 

Assumptions 3 and 4 of the Bowen 
model are sufficient to ensure that the col- 
lectively chosen output of public goods wil 
be that quantity for which the summed 
marginal rates of substitution just equal | 


164 | 
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marginal cost under either of the above 
“mentioned voting rules. This is, of course, 
the efficient level of provision—the “‘ideal 
output” in Bowen’s terms. Thus, Bowen’s 
-equilibrium consists of a distribution of 
cost shares among individuals such that, 
given the voting rule and the distribution 
of individual preferences, the community’s 
choice of a public goods output will be ef- 
ficient according to the Pareto criterion. 
Since Bowen believed, on the basis of some 
limited evidence available to him at the 
time, that individual demands for public 
"goods in fact approximated a notmal dis- 
‘tribution, this suggests that his objective 
was to examine conditions under which the 
tax shares were so distributed as to ensure 
efficiency in collective decisions regarding 
the provision of public goods under the 
more common voting rules. 

Bergstrom-Goodman’s concept of equi- 
librium in contrast is nothing more than the 
result of applying the median voter rule. 

No assumptions are made about the dis- 
tribution of preferences, nor are any con- 

itions placed on the distribution of tax 
‘shares. Hence, the collectively chosen out- 
put is unrestricted. In particular, there is 
nothing in the Bergstrom-Goodman notion 
of equilibrium to generate efficiency in col- 
lective decisions regarding the quantity of 
public goods. Bergstrom-Goodman’s objec- 
tive of investigating the outcome of a simple 
majority voting rule under a given arbitrary 
distribution of tax shares seems very dif- 
ferent from Bowen’s objective of investigat- 
ing conditions on the distribution of tax 
shares which lead to efficiency in the voting 
outcome. 

' This difference in objectives, embodied 
in the differing assumptions of the two 
models, gives rise to an important dichot- 
omy. Bergstrom-Goodman’s concept of a 
Bowen equilibrium is, as they note, not in 
general Pareto optimal. By contrast, 
Bowen’s own solution does satisfy the 
Pareto criterion. In the context of Mus- 
grave’s analytical framework, Bowen’s 


k 
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model is efficient, but it need not be equi- 
table since it does not require that individ- 
ual tax shares be equal to individual mar- 
ginal evaluations of the public goods output 
level. In fact, under his assumptions the 
distribution of tax shares is necessarily in- 
equitable. Bergstrom-Goodman’s concept, 
on the other hand, is in general neither ef- 
ficient nor equitable. Moreover, it is a posi- 
tive rather than a normative solution. 

Bergstrom-Goodman’s confusion regard- 
ing the relationship between their analysis 
and Bowen’s model also leads them to sug- 
gest the Lindahl equilibrium as a normative 
criterion against which their outcome may 
be measured in terms of efficiency. The 
Lindahl equilibrium, however, is unneces- 
sarily restrictive for this purpose as it re- 
quires not only that the output of the public 
good be efficient, but also that the tax 
shares be distributed among individuals in 
an equitable manner. If only efficiency in 
public goods supply is at issue, as it seems 
to be with Bergstrom-Goodman, the ap- 
propriate conceptual comparison would be 
between the output level chosen in their 
model and the output level which is chosen 
in Bowen’s- model. For this reason it ap- 
pears useful to maintain the distinction 
between the median voter equilibrium on 
which Bergstrom-Goodman’s attention is 
focused, and the efficient though not neces- 
sarily equitable equilibrium of the model 
examined by Bowen. 
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Multiperiod Consumption-Investment Decisions: 
Further Comments ie 


By WILLIAM T. ZIEMBA* 


In a correction of his 1970 paper, Eugene 
Fama (1976) aas shown that existence of 
some value of Bıı, having positive proba- 
bility, for which his inequality (4) holds 
strictly is sufficient to verify that the derived 
utility functior. U, inherits the strictly con- 
cave property of U,,,;. This corrects the 
difficulty referred to in my 1974 note. In the 
deterministic case, for fixed 6,,,, the func- 
tion U41 (Cr HRB Y | B1) will not 
generally be strictly concave in the vector 
H, when U,,; is strictly concave in C, and 
w = A,R(8,4:)’ since the function H,R 
(8.41)’ is not 1-1 (when there are more than 
two securities}. However, when one takes 
the expected value of U,,, with respect to 
B1, the integral of U,,, will be strictly 
concave in H, if H,R(8,,,) is 1:1 with posi- 
tive probability. One may clarify what this 
means by considering the case when there 
are three states of nature and three securi- 
ties. Then the difficulty occurs when’ 


(1) HER! + WER} + HŽR} = 
AFR! + AFR) + AFR} 

H#R{ + HR + HERZ = 
H#R? + H#¥R3 + H#¥R? 

HERI + HR} + H¥R3 = 
H#Ri + A¥R3 + AFR} 
has a solution {H*, H) and H* < H. It is 


clear that for (1) to only have the solution 
H* — H = 0, zhe matrix 


R! Ri R! 
R= [Rit Ri Ri 
R? RBR R 


*Faculty of Commerce and Business Administra- 
tion, University of British Columbia, and Operations 
Research Unit, Marmara Scientific and Industrial 
Research Institute, Gebze, Turkey. This research 
was supported by grant 66-0250 from the Canada 
Council. 

lFor simplicity | supress the time subscripts and 
let R4 refer to the /th possible realization of security j. 
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must have rank equal to 3 since (1) may be 
written as 


R(H* — HY =0 


Thus if two securities have equal or pro- 
portional returns in all states of nature, 
then the strict concavity results fails. In 
general, for discrete distributions having m~“ 
possible occurrences, if there are n securities 

to guarantee strict concavity it is necessary 

and sufficient that there be exactly n linearly 

independent return vectors each having 

positive probability of occurrence, i.e., 

them x n matrix R has rank n. For general 

distributions one must assume that if 

Prof RBY = ArR(B41)'] = 1, then 

H* = H,. This is then equivalent to a full 

rank assumption; with say a joint normal 

distribution of returns it is tantamount to 

assuming that the variance-covariance maa 
trix is positive definite. Certainly there are 

many possible return distributions for 

which the strict concavity reduction prop- 

erty will fail to hold. 

As a historical note rt should be pointed 
out that the concavity preserving reduction 
results discussed by Fama (1970,1976) have 
their origin in George Dantzig’s work on- 
stochastic programming and Richard Bell- 
man’s work on stochastic dynamic pro- 
gramming in the early 1950’s. For a totally 
rigorous proof of the reduction results ong 
would need to prove that the function U;, is 
well defined, i.e., measureable and that an 
optimum allocation vector H* exists in 
each period t. These aspects are discussed 
by R. Tyrell Rockafellar and Roger J.-B. 
Wets, and by Hayne E. Leland. 
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On the Theory of the Competitive Firm 


By YASUNORI IsHtI* 


! 
| Under Price Uncertainty: Note 7 


Agnar Sandmo, in his excellent paper, 
attempted tc analyze the behavior of the 
competitive firm under price uncertainty. 
He presumec that: (a) the utility function of 
the firm is a concave, continuous and dif- 
ferentiable function of proñts, so that 


(1) U(x)>0, Ux) <0 


and the absolute risk aversion R4(r) 
= —U "(x)/ U'(ar) is a decreasing function 
of v, that is, 


(2) ORy(r)/dx <0 


(b) The firm’s profit function can be de- 
fined as 


a(x) = 


where P is tke price of output, assumed ‘to 
be a (subjectively) random variable with 
density function f(P) and expected value 
E|P] = u, x is output, c(x) is the variable 
cost function with c’(x) > 0 and c(0) = 
and B is fixec cost. 

(c) The expected utility of profits can be 
written as 


: E[U(Px ~ e(x) — BY) 


where E[-] is the expectations operator. 
The competitive firm decides the output so 
as to maximize the expected utility of 
profits. 


Px — c(x) — B 


I 
Sandmo analyzed the effects of change in 
the expected value and uncertainty of the 
price on the optimal output of the com- 


petitive firm, which were written as 0x/d0 
and ĝôx/ðy in his article, under the assump- 


tions mentioned above. As a result of his . 
analysis, he asserted that while the sign of 


*Yokohama City University, Japan. 


ðx/ð0 can be clearly judged to be positive, 
the sign of dx/dy is ambiguous in general, 
The purpose of this note is to show that 
investigating the sign of dx/dy under the 
same assumptions and analytic apparatus 
as Sandmo’s, we can decide the sign ofi 
éx/dy, manifestly in opposition to his 
assertions. 9 


JI 


Necessary and sufficient conditions for a 
maximum are written as 


(3) E[U'(r)(P — ¢'(x))] = 
(44) D = E[U'(r)(P - e'(~)y | 
— U'(r)c''(x)] < 0 
If c' (x) 2 0, D < 0 is always satisfied. Anal 
there is a possibility of D < 0 even in the 
case c’'(x) < 0. It is interesting to examine! 
the conditions of existence and uniqueness, 
of interior optimal solution. We, however, 


_assume for the simplification of analysis 


that (3) and (4) determine a nonzero, finite, 
and unique solution x* to the maximiza- 
tion problem. 

Following the introduction of lemmas, 
we shall investigate the sign of dx*/dy. 


LEMMA 1: 

we — c'(x*) > 0 

LEMMA 2: . 
E(P — c'(x*)) U" (r*) = 0 

where! r* 


= Px* — c(x*) - B 


The proofs of these lemmas are omitted 
here for they are shown in Sandmo’s paper. 


We assume that R4() is a nonincreasing seal 
of x. 
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| Il 

Now that all of the necessaries have been 
resented, we shall proceed to prove our 
roposition. 


PROPOSITION: Nonincreasing absolute 
risk aversion is a sufficient condition for 
ax* /dvy to be negative. 






ROOF: 
„By adopting the same procedures that 
Sandmo used, we can obtain 


| ox* ce i Ifa% _ 
9 BE = EEP =) 
| 


+ x*E[(P — c'(x*))U'(r*)(P — wi 


which is equal to his equation (13). Since 
D < 0, the sign of dx*/dy is equivalent to 
that of E[U'(r*)(P — w)) + x*E[(P - c 
(x*))U"'(a*)(P — p). Consequently we 
ill investigate the sign of this. 
Main, modifying E[U'(a*)(P — ey 
ain 


(6) E(U'r*)(P — u) 

E((U'(w*) — ELU’ (t*) (P — u) 
cov (P, U’ (T*)) 

where cov (P, U'(z*)) is the covariance be- 
tween P and U'(x*). Differentiating U'(r) 


with respect to P at x = x* and taking into 
consideration U''(a+) < 0, we can obtain 


oo) 


= x*U''(a*) <0 


Iwhich means 
a cov (P, U'(m*)) < 0 


in the case when the competitive firm faces 
price uncertainty. We therefore have, sub- 
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stituting (7) for (6),” 
(8) E(U'(x*)(P — u)] < 0 


Next, from E[(P — c’(x*))U''(#*)(P — u), 
we can get 


(9) EKP = e'(x*)) UNG) — p) 
= EP — e'(x*))(P — e'(x*) 
+ e'(x*) — u) U" (r*)) 
= E[(P — e'(x*))’- U''(x*)) 
~ (u = el (e*))EU(P — e'(x*)) Ua) 


It is clear immediately that the first term of 
the right-hand side of (9) is negative and 
that the second term of the right-hand side 
of (9) is nonpositive in consideration of 
Lemma | and Lemma 2. We therefore can 
obtain 


(10) x*E[(P — c’(x*))U"'(4*) 
-(P — p)] < 0 


It follows that substituting (8) and (10) in 
(5) and considering D < 0 from (4), we 
have dx*/dy < 0. 


2We can show another proof of (8): 


E(U'(r*)(P — py] = E(U'(a* XP ~ c'(x*) + 
o'(x*) — p)] = E[U'(r* )(P ~ e (x*)] 
— (u — c'(x*))E[U' (r*)) 
= — (u — e'(x*)) E[U'(ar*)] < 0 
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Externalities in a Regulated Industry: 
The Aircraft Noise Problem = 


By JEROLD B. MUSKIN AND JOHN A. SORRENTINO, JR.* 1 


Airline noise is an externality in the 
traditional sense of being a by-product of 
normal economic activity. It- affects the 
population around airports in single event 
bundles and cumulatively. The, transient 
nature of no:se itself is unlike most other 
externalities. As with the others, however, 
general “improvements” in technology and 
increases in population have made the 
situation more difficult to tolerate. The 
combination of these things has led to a 
critical situation for the affected population 
Since it involves its physical and mental 
health. 

From among the various methods of 
dealing with externalities, we choose the 
effluent charge scheme. It generally allows 
each firm to incorporate the environmental 
standard inco its marginal operating 
choices. If each firm makes efficient deci- 
sions, then tke cost to society of achieving 
an environmental standard will be a mini- 
mum. In this paper, there are two modifica- 
tions of the traditional charge scheme. One 
is that because of the well-known difficulties 
in specifying and estimating social costs, we 
use the (estimated) direct noise abatement 
costs of achieving the environmental stan- 
dard. The second is that airlines cannot be 
necessarily thought of as cost minimizers. 

The charges used for the control of air- 
line noise are generated as shadow prices in 
a simple linear programming model. Solu- 
tion to the problem involves choosing a mix 
of noise abating options that achieves pro- 
posed environmental standards at least 


*Assistant professor of marketing/transportation, 
Drexel Universicy, and assistant professor of eco- 
nomics, Temple University, respectively. 

Editor's Note: This paper was presented to` the 
Eighty-Ninth Arnual Meeting of the American Eco- 
nomic Association, and was printed in the February 
1977 Proceedings issue of this Review (pp. 347-50). 
Because of substantial errors in layout, the paper is 
reprinted here, with our apologies to the authors. 


cost. Additional bounds on the problem are 
limitations on service reductions and rate of 
return (ROR) on investment regulation. 
The data sources used for the program were 
generally fragmentary and incomplete for 
our purposes. i 
After calculating a noise charge for a tty? 
pothetical airport, we discuss the imple: 
mentation and ramifications of the charg 
plan in the regulated airline industry. In 
cluded is a discussion of the link between 
noise abatement and fuel consumption. 


i 


I. The Language of Aircraft Noise 


| 
Without going into detail about how: ay 
are derived, we use two related measures o 
noise: 1) the effective perceived noise level in, 
decibels (EPNdB) which for single nojgéq 
events is a subjectively adjusted measure of 
noise determined by human reaction; and 2) 
the noise exposure forecast (NEF) which 
represents the cumulative noise level during! 
a 24-hour period. Bolt, Beranek and New- 
man, Inc. have shown that for aircraft class 
i and flight’ path j: 


[d; + 16.67n;] — 88 


where dj, nj are the number of daytime and 
nighttime flights, and 88 is a normalization 
factor. NEF at a ground point is then thei 
sum over aircraft classes and flight paths: 


NEF; 
(2) NEF = 10log > > _antilog aa 
i J 


Populations exposed to equal NEF levels 
define NEF contours around an airport. 
The near-term goal of the Environmental 
Protection Agency (EPA) is to relieve all 
populations within NEF 45 to avoid long- 
term hearing effects. Since the EPA has 
never established any precise population re 
moval goals, we create some for our modet 
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$ II. The LP Model 
The choice variable in the linear pro- 
gramming model is the set of options for 
noise abatement. These are broken down 
into operational and retrofit. The opera- 
tional options are: (Y,) a composite of re- 
duced thrust takeoffs, power cutback de- 
partures, flap management approaches, 
higher altitude approaches, two-segment 
approaches, and thrust reverse limitations; 
(X,) preferential runways; (X3) preferential 
flight paths; (X,) night curfews; (X;) aircraft 
Ptype limitations; (X,) aircraft weight limita- 
tions; and (X7) acquisition of land areas. 

The retrofit options are: (Xs) acoustically 
treating the /73D engine; (X) extending X; 
to the J78D engine; (Xio) installing front 
fans and larger housings on the J78D 
engine and (X) combination of X and 
Xio. 

The planning period was taken to be 
1974-85, and all dollar magnitudes were 
discounted back to 1974 at both 10 percent 
and 20.5 percent discount rates. Let x; be 
Bhe percent level of operation of option X; 
and c the discounted present value of the 
cost of operating x; at the 1 percent level. 
The objective function is 


H 
(3) C = 2) Gx; 
j=l 


Each option X; has a specified potential 
reduction efficiency, ayj. Let P; be the orig- 
inal population and p; the population per- 
mitted to remain in contour i. The term 
P; — p; is the population to be removed. 
Once removed the population enters con- 
tour i + 1. The four contours i are NEF 
45, 40, 35, and 30. The constraint may be 
specified as 


11 


(4) p3 Aisi jXy = Pisis i= 0,1,2,3 
jel 


where Ajai; = [Pis:@ja1, — Piaj] is the 
“net migration” of contour i+ 1, and 
Piat = (Pia. — p1] 1s the allowed residual 
in contour? + 1. 

{ Another constraint is a maximum rate of 
‘reduction in seat-miles flown. If s; is the per- 
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cent reduction in seat-miles, 5 the maximum 
permissible reduction, zp the initial number 
of seat-miles, then we have 


ll 
(5) Dy 5% S 5/2 
j=l 


The rate-of-return (ROR) constraint, as 
defined by the Civil Aeronautics Board 
(CAB), applies to investment, is a minimum 
and applies to the industry as a whole. It is 
currently set at 12 percent. If R(x) is rev- 
enue, C(x) operating cost, and J(x) invest- 
ment given the choice of option bundle x, 
then the ROR constraint is 


R(x) — C(x) 
(6) < 


We estimated the effects of the adoption 
of noise abatement options on R, C, and Z 
via rough measures of fare, cost, and invest- 
ment elasticities. 

Using [BM’s MPS 360 package and data 
gotten from the cited references and else- 
where, we solved the LP problem. The 
package contained a sensitivity apparatus 
for the percent of goal (POG) achieved, 
perturbations in the population removal 
goals themselves, changes in the maximum 
service reduction, and changes in a fuel 
price index. The solutions were displayed 
for various POG levels (60-75 percent), fuel 
price indices (100-400), and the 10 percent 
and 20.5 percent discount rates. The solu- 
tion included the optimal option bundle 
and total abatement costs. For the median 
year 1979, we give an example ROR calcu- 
lation using 12 percent. It was found, for 
example, that with a fuel price index of 100, 
a POG of 65 was achieved at least cost 
($822 million at 10 percent) with options 
X, to X; used at 100 percent, and Xj) used 
at 3.7 percent of full-option use. 

Upon perturbing the population removal 
constraints by 1,000 persons, we obtained 
shadow prices to be used as noise charges. 
Since the amount of noise is expressed in 
10 log equivalent terms, we expressed the 
charge in dollars per these units. 

The disaggregation of aircraft and flight 
path segments by airlines allows the contri- 
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bution of eazh airline to total noise to be 
determined and controlled by the charge. 
This extends equation (2) by summing the 
NEF, over carriers k. 


IH. Policy Implications 


Since the data were available on a na- 
tional scale but charges must be imposed at 
each airport, we create a hypothetical 
three-carrier airport, which is represented 
by 5 percent of the national program. At 
the 10 percent discount rate and a fuel price 
index of 100. we calculated a charge of 36¢ 
per 10 Jog equivalent unit. The 36¢ charge 
is assessed on each airline according to its 
monitored noise output beyond the al- 
lowed levels. The charge applied to the NEF 
35 contour which was shown to be the 
“critical” contour in the LP program. The 
reception of the charge by the airlines them- 
selves leads to a discussion of the structure 
of the industry. 

The airline industry is a regulated 
oligopoly. Inefficiency is due not only to the 
market struczure but to the solidification of 
this structure through regulation. The most 
pronounced symptoms of this inefficiency 
are the overcapacity problem, the excessive 
rate of equipment innovation, and the pro- 
liferation of flights at preferred departure 
times. Two primary causes for these strat- 
egies are the proscription of price com- 
petition and the possibility of the CAB 
approving the introduction of competitors 
on “inadequately serviced” routes. . 

Airline performance can be attributed in 
part to three well-known behavioral 
theories: Oliver Williamson’s expense pref- 
erence effect, Harvey Leibenstein’s X-in- 
efficiency syndrome and the Averch-John- 
son (A-J) overcapitalization effect. William- 
son’s thesis is that management may have 
goals other than cost minimization. In the 
airline industry, evidence of this is the 
proclivity for the introduction of new gen- 
eration aircraft and the tendency not to 
diversify bus.ness investments outside of the 
airline industry itself. The X-inefficiency 
phenomenon may be characterized in the 
industry: by imperfections in managerial 
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performance due to lack of knowiede 
insufficient incentives, and/or sloth. The 
traditional A-J thesis must be modifie 

with respect to the airline industry. Th 

ROR is defined on investment rather than 
the capital stock. The ROR limit is a mini 

mum rate for the industry. The usual A-J 
behavior exhibited by individual firms is 
obscured. If the situation exists that the 
industry ROR is near the 12 percent mini- 
mum and overinvestment causes the ROR 
to dip below it, then fare increases will 
generally be allowed. It appears that since! 
there is no limit on how high the ROR 
can be in this case, the industry would not 
be induced to hover around the minimum 
simply to obtain price increases. There is, 
however, a more subtle bound on how high 
ROR may go. When the ROR is high, the 
CAB-is generally moved to introduce com- 
petitive carriers on the relevant routes. 
Hence, overinvestment to lower the ap- 
parent ROR may prevent carriers from fac- 
ing competition. Airlines appear to regard 
this as a significant impetus. 

Expenditures on noise abatement mill 
also become subject to expense preference, 
X-inefficiency, and the A-J effect. The effect 
of X-inefficiency would most likely be at- 
tributed to a lack of perceptiveness of firm 
and social needs. The other two are more 
difficult to separate. Airline management 
may have preferences for or against ex- 
expenditures on environmental protection 
for reasons other than profits. Overinvest- 
ment in noise abatement, including over- 
adoption of new aircraft, can either cause 
fare increases (at minimum ROR) or fore- 
stall the introduction of competitive carriers 
according to modified A-J behavior. Over- 
investment in abatement can enhance the 
image of the firm which may have pecu- 
niary (A-J) and nonpecuniary (expense 
preference) benefits. They still remain, 
however, economically inefficient. 

The introduction of aircraft noise abate- 
ment to the situation of regulated inef- 
ficiency has several dimensions. The close 
technological and economic regulation of 
the industry by the Federal Aviation Ad, 
ministration (FAA) and the CAB would 
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facilitate the activities of a Noise Abate- 
sment Authority (NAA). The NAA can use 
“existing monitoring techniques and the 
| clear demarcation of aircraft to attribute 
| noise to particular airlines for charge. pur- 
poses. There is also much common tech- 
: nological knowledge so that possible “‘re- 
action functions” to the charges might be 
estimated. The NAA must project current 
cost data for each year of the planning 
period. This will enable it to publish a 
tentative schedule of year-to-year charges, 
allowing the airlines to make long-range de- 
ycisions regarding investment, scheduling, 
“pilot training, etc. 
The feedback of airline responses to the 
| charge in terms of noise abatement affects 
| the linear program by changing the orig- 
inal populations in each contour. With 
these new constraints, the program can be 
recalculated and new noise charges es- 

` tablished. A problem with the airline re- 
sponses is that we cannot generally expect 
cost-minimizing behavior. Hence, along 
with the charge proposal, we also require 

haat the CAB change regulatory policies by 
allowing greater competition to induce air- 
lines (at least) to minimize costs. 

Society’s most general goal is to maxi- 
mize the overall well-being of its citizens. 
We do not have a precise social welfare 
index with all of society’s variables includ- 
ing airline service and airline noise as ele- 
ments. In lieu of placing an explicit value 
on the benefit or detriment society re- 
ceives from these, we simply fix their levels 
and find the least-cost way of achieving 

~them. One particularly useful aspect of the 
" analytical-computational model used above 
is that the “‘meta-problem” can be dealt 
with through perturbations of the parame- 
ters in the “inner problem.” Although still 
given in terms of costs, society’s broader 
tradeoff decisions can be explicitly seen. 

The effluent charge scheme proposed in 
this paper can be an efficient operational 
procedure if accompanied by changes in 
regulatory procedures by the CAB inducing 
cost minimization. The cooperation of fed- 

i eral and state agencies, the airline industry, 
band local communities will increase the 
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convergence toward a social optimum. The 
reflection in the exposed populations of 
changes in airline noise output make the LP 
problem sensitive to airline abatement ac- 
tivities. This allows efficient planning for 
capital-intensive operations. A noise abate- 
ment strategy that fails to take account of 
the cumulative nature of aircraft opera- 
tions, the multiplicity of noise-abating 
options, the diversity of the social effects 
of noise (and its reduction), and the ef- 
ficiency of the charge scheme is bound to 
yield a high-cost partially effective outcome. 
The current approach of the EPA is an 
example. 
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Sons of Immigrants: Are They at an 
Earnings Disadvantage? 


By BARRY R. CHISWICK 


rican Economic Review, Papers and Proceedings, 
'uary 1977 
378, Table 2. 


1e regression coefficients or f-ratios for several key variables were not printed in the last 
regressions: 


TABLE 2—-ANALYSIS OF EARNINGS OF NATIVE BORN 
WHITE MALES, 25 TO 64 YEARS or AGE, By NATIVITY oF PARENTS, 1970 


Parents Native or Foreign Born 


(6) (7) 
OR 0.04866 (a) 
(4.67) 
IR (a) 0.07688 
(4.12) 
FOR (a) 0.03735 
(1.49) 


' (a) Variable not entered; t-ratios in parentheses. 
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REPORT OF THE TREASURER 
FOR THE YEAR ENDING 


DECEMBER 31, 1976* 


The financial position of the American 
Economic Association is the best it has 
been since the end of 1969. The surplus for 
1976 was $150,000 with an even larger sur- 
plus in prospect for 1977. The net worth of 
the Association at more than $300,000 ex- 
ceeds one-third of annual expenditures. (See 
Tables | and 2 and the financial statements, 
particularly the Statement of Assets and 
Liabilities, following the Auditors’ Report.) 
Rising costs, r0wever, can be expected to 
wipe out the surplus in a few years even if 
no new progrems of expenditure are under- 
taken, 

The surplus of $150,000 in 1976 was 
partly the result of two special items. The 
Association’s claim against Richard D. 
Irwin, Inc. was settled, resulting in a pay- 
ment to the Association of royalties on the 
Readings Series of $42,000. Publication of 
three volumes of the Index of Economic 
Articles resulted in a net gain shown in 
Table 1 of $3&,000. (The Statement of Rev- 
enues and Expenses following the Auditors’ 
Report shows gross sales of $51,000 under 
revenues and prorated printing costs of 
$13,000 under expenses.) This figure, how- 
ever, needs explanation. It does not mean 
that there was a large profit—or any 
profit—on the Index. The Association 
spent $59,000 in 1976 for printing the three 
volumes. Only $13,000 is shown in the 
Statement of Revenues and Expenses as a 
cost, the remainder being considered an in- 
vestment in inventories of unsold copies. 
Sales in future years will presumably enable 
the Association to recover the remainder of 
the printing costs and more (especially since 
we received payment in 1976 from the dis- 
tributor of the Index only for copies sold 


*Editor’'s Note. The reports of the Treasurer, the 
Finance Committee, and the Auditors of the Amer- 
ican Economic Association were prepared too late for 
inclusion in the February 1977 Proceedings of this 
Review. 


through October 31, which did not include 

any sales of Volume XI). We hope that 

eventually the sales of the Index will return 

part of the editorial costs incurred in the of- 

fice of the Journal of Economic Literature. 

We do not, however, expect to recover all 

the costs of the Index. Essentially what is 

happening in 1976-77 is a return of costs 

partly incurred in prior years. Since the: 
pace of publication of the Index will even-. 
tually slow down to one volume a year, the 

large contribution of the Index to the sur- 
pluses of 1976-77 is not likely to be main- 
tained. 

Expenses for 1976 include provision of 
$39,000 for federal income tax. The actual 
liability may turn out to be smaller, but the 
auditors thought it prudent to make pro- 
vision for the possibility that the payment 
by Richard D. Irwin, Inc., in settlement of 
the Association’s claim, and the receipts; 
from sales of the Index would be regarda 
as “unrelated business income” and there- 
fore taxable. The provision for federal taxes 
in the budget for 1977 is considerably 
smaller because nothing comparable to the 
settlement with Richard D. Irwin, Inc. is in 
prospect. 

The Association has been accumulating a 
reserve for a new Directory (or Handbook). 
The reserve is now $100,000. In view of the 
improved financial position of the Associa- 
tion, a new Directory is being planned for 
1978. Its publication will have little effeetz 
on the 1978 surplus or deficit, but it will 
reduce the net worth of the Association. 
Consequently the net worth at the end of 
1978 is likely to be little greater than at the 
end of 1976. In view of the relentless in- 
crease in costs, the present favorable finan- 
cial position of the Association will be 
temporary unless expenditures are re- 
strained or dues increased. 

At its meeting on March 18, 1977, the 
Executive Committee approved the budget, 
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for 1977 shown in Table 1. (Its implications voted to increase dues and subscriptions 
for cash flow are shown in Table 2.) In view 5 percent effective January 1, 1978. 

of the prospect of rising costs and the rather 

low level of net worth relative to annual 

expenditures, the Executive Committee RENDIGS FELS, Treasurer 


TABLE 1—AMERICAN ECONOMIC ASSOCIATION BUDGET, ACCOUNTING BASIS, FOR 1977 


(Thousands of dollars) 

1977 1976 1975 
ps Budget (Actual)? (Actual)? 
REVENUE 

Operating Income 
Dues and subscriptions 750 726 617 
Advertising 80 76 64 
Sales—miscellaneous 30 28 26 
Sales—miailing list 35 35 33 
Annual meeting 0 14 7 
JOE 21 21 17 
Sales of index (net) 60 38 -= 
Other income o 4l 4i 23 
Subtotal: 1,017 979 787 
Settlement of claim against 
publisher - 42 - 
a fuvestment income 
*™ Interest and dividends 35 33 33 
Real capital gains (losses) 39 (37) (81) 
Subtotal: 74 (4) . (48) 
TOTAL REVENUE 1,091 ' 1,017_ 739 
EXPENSES 
Publications 
American Economic Review 231 211 196 
JEL and Index 295 283 253 
Papers and Proceedings 59 59 51 
Handbook {Directory} 50 47 61 
JOE 25 25 ae. 
a subtotal: 660 625 583 
Operating and Administrative 
-— Salaries 108 98 104 
Rent 8 8 8 
Committees 39 29 P 2 
Other 96 106 a 18 
Subtotal: 251 241 212 
TOTAL EXPENSES 911 866 795 
SURPLUS (DEFICIT) 180 150 (56) 


aThe amounts in the columns for actual results for 1975 and 1976 are identical with those in the Statement of 
Revenues and Expenses accompanying the auditors’ report, but some of the line items have been rearranged and 
consolidated. 

Sales receipts ($51,000) net of prorated share ($13,000) of printing costs ($59,000). 

Each year $50,000 is budgeted for a future Directory. 

dIncludes provision of $39,000 for federal income tax. 
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TABLE 2—-AMERICAN ECONOMIC ASSOCIATION CASH BUDGET, 1977 


(Thousands of dollars) l „^ 
1977 1976 
Budget Actual 
SuRPLUS (DeEFiciT), Accrual basis 180 : 150 
Flus noncash charges to accrual budget 

Reserve for Directory 50 50 
Capital losses (gains) i (39) 37 
Depreciation l l 
Subtotal, surplus (deficit) adjusted to cash basis 192 39 


OTHER OPERATIONS AFFECTING CASH 
Increase (decrease) in deferred income 20 4i 
Increase (decrease) in accounts payable, etc. 0 16 
Decrease (increase) in accounts receivable 118 (117) 
Decrease (increase) in prepaid expenses = (1) 
Cash receipts less disbursements from 
(5) 


restricted funds? (30) 
Subtotal, other operations affecting cash 133 (91) 
TOTAL CHANGES FROM OPERATIONS 325 ` 148 
INVESTMENT-TYPE TRANSACTIONS 
Decrzase (increase) in inventory of Index volumes (30) (46) 
Sales (purchases) of office equipment (1) (1) 
Charges in investment accounts: 
(Interest and dividends) (35) (33) 
Transfers of cash from (to) investment accounts (262) (145) 
Custodian and investment counsel fees 
TCTAL INVESTMENT-TYPE TRANSACTIONS (325) (222) 
INCREASE (DECREASE) IN CASH 0 (74) 


4Exc.udes Economics Institute. 





REPORT OF THE FINANCE COMMITTEE* 


an 
' The accompanying inventory summary 
lists the securities held by the American 
Economic Association as of December 31, 
1976, with costs and market values as of 
that date. The total market value of the 
securities portfolio at year-end was 
: $491,201. After making adjustments for 
‘cash additions and withdrawals (including 
|a sizeable withdrawal of $60,000 made from 
the portion of the Fund represented by the 
Ford Foundation grant), we estimate that 
Association’s investment portfolio (on 
a total return basis) increased in value by 
' 13.5 percent during 1976. 

It should be remembered that the 
$491,201 figure referred to above includes 
| a Special Grant that was made by the Ford 
| Foundation in January 1969 and subse- 
quently commingled with the Association’s 
account. As of December 31, 1976, the As- 
sociation’s portion of the aggregate account 
was $438,234, or 89.2 percent and the 
Special Grant represented the remaining 
$52,967, or 10.8 percent of the total. 
bes 5 was indicated in last year’s report, the 
Finance Committee established a policy of 
including a combination of both common 
stocks and commercial paper in the invest- 
ment portfolio rather than its previous all- 
equity orientation. The first moves in the 
direction of this new policy were made dur- 
ing 1976, bringing the year-end equity ratio 
to 70.8 percent. In addition, as mentioned 
above, 2 $60,000 withdrawal occurred dur- 
ing the year. As a result of these two fac- 
tors, significant sales were made in the 
following issues: IBM, CBS, Abbott Lab- 


“oratories, Eastman Kodak, First Bank 
Systems, Minnesota Mining, Moore 
Corporation, and Utah International. 


Additionally, in December, Utah Interna- 
tional was acquired by General Electric. 

In terms of the portfolio’s appreciation 
during 1976, the 13.5 percent increase 
referred to above, while significant, did trail 

*The Report of the Finance Committee is infor- 
mational and is not an audited financial statement. 
Consequently, there may be some discrepancies be- 


tween figures in the Report of the Finance Committee 
da the Auditor's Report which follows. 


779 


the widely followed market indices. This 
result was due in part to the more conserva- 
tive equity ratio adopted by the Committee 
a year ago and also to the fact that the high 
quality growth stocks held in the portfolio 
underperformed the general stock market 
over this period despite continued strong 
increases in both the profits and dividends 
of these companies. However, including this 
most recent experience, it is interesting to 
note that, during the past ten years, the 
total return on the equities held in the As- 
sociation’s portfolio exceeded the compar- 
able return of both the Dow Jones Indus- 
trial Average and the Standard and Poor’s 
500. 

As we move into 1977, the Finance Com- 
mittee is anticipating another year of favor- 
able economic conditions characterized by 
moderate, but sustained, economic growth. 
This continued economic strength will be 
reflected in increased corporate profits and 
corporate dividend payments. Moreover, at 
the current level of the market, common 
stocks do not appear to be overvalued on 
the basis of underlying earnings, cash flow, 
and book value. Therefore, the Committee 
believes that a meaningful exposure to 
equities in the Association’s investment 
portfolio continues to be warranted. 

To be more specific, a year ago the 
Finance Committee decided to shift the 
portfolio over time to a 50 percent equity, 
50 percent fixed-income orientation with a 
66 percent equity ratio to be achieved by 
the end of 1976. At its November 23, 1976, 
meeting the Committee modified that deci- 
sion somewhat and agreed to maintain the 
equity proportion at approximately two- 
thirds while permitting the flexibility to 
vary the ratio 5 percentage points in either 
direction. In view of the shifting economic 
trends as well as the beginning of a new 
administration in Washington, the Finance 
Committee will be monitoring develop- 
ments closely and will make appropriate 
adjustments in investment policy as changes 
in the investment environment occur. 


BERYL W. SPRINKEL, Chairman 


TABLE 1—INVENTORY SUMMARY AS OF DECEMBER 31,1976 - 





*More than one cost basis. 





Estimated 
Value Percent ` Income : 
: am 
Cash Equivalents and Short-Term Securities $143,435 29.2 $ 7,166 a 
Medium-Term Securities 0 0.0 0 
Long-Term Securities and Preferred Stocks 0 0.0 0 
Convertible Securities 0 0.0 0 
Equity Securities 347,766 70.8 = 11,092 * 
Total 491,201 100.0 18,258 i 
TABLE 2—INVENTORY AND APPRAISAL AS OF DECEMBER. 31, 1976 
Unit Total Est. 
Amount Price. Value Cost Cost Income 
CASH EQUIVALENTS AND SHORT-TERM SECURITIES (29.2 percent) 4 
Cash Equivalents (0-1 Year) (29.2 percent} ‘ 
Cash ; $117 a . $117 E 
‘ Stein Roe Casi Reserves, Inc. 143,318 i 143,318 j 143,3]8* $7,166 
Subtotal Cash Equivalents 143,435 > 143,435 7,166 
Total Cash and Fixed Income Securities 143,435 143,435 7,166 
l Equity SECURITIES (70.8 percent) | 7 
Utilities (5.8 percent) - 
Central and Southwest 1,200 17 20,250 10 11,720* 1,440 
Banks (11.1 percent) i } 
Citicorp 500 33 16,375 29 14,531* 480 
First Bank System 500 44 22,125 19 9,295* 760. 
38,500 23,826 12g 
Other Financial (5.5 percent) l 
Alexander anc Alexander, 500 38 19,063 19 7,325* 530 
Foods and Containers (11.7 percent) : 
Philip Morris 400 62 ° 24,700 44 17,726 520 
Seven Up 500 32 15,875 28 14,125 700 
40,575 31,851 1,220 
Mining and Metais (6.3 percent) 
MAPCO 500 44 22,000 18 8,855 450 
Oil ana Gas (13.1. percent) 
Continental Oil 600 38 22,500 16 9,868 720, 
Gulf Oil 800 29 23,100 17 13,321 1,440 
i 45,600 ` 23,189 2,160 
Drugs and Medical (11.5 percent) ; ‘ l 
Abbott Lab 400 49 -19,650 35 14,136 . 400= 
Merck 300 68 20,438 52 15,631* 450 
a 40,088 ; 29,767 850 
Electrical Products (6.2 percent) , ; m 
General Electric 390 56 21,694 25 9,707* 702 ` 
Computers (8.0 percent) a 
IBM 100 279 27,914 80 ' 7,985* 900 
Miscellaneous (20.7 percent) os go 
CBS > ` ; 300 59 17,813 29 _  8,570* 600 
Disney l 334 > 47 15,782 2 817 ' 40 
Eastman Kodak 250 86 21,500 84 20,907* 525 
‘ Minnesota Mining and Mfg. 300 57 16,987 61 18,400* 435 
72,082 48,694 1,600 
TOTAL EQUITY SECURITIES 347,766 204,919. 11,092 x 
TOTAL SECURITIES AND CASH °491,201 348,354 18,258 d 





AUDITORS’ REPORT 


= 


"o the Executive Committee of 
The American Economic Association: 


We have examined the statements of as- 
ets and liabilities of THE AMERICAN Eco- 
IOMIC ASSOCIATION (a District of Colum- 
ia . corporation, not for profit) as of 
Yecember 31, 1976 and 1975, and the re- 
ated statements of revenues and expenses, 
hanges in general and restricted fund bal- 
mees, and changes in assets and liabilities 
or the years then ended. Our examination 


vas made in accordance with generally ac- 


epted auditing standards, and accordingly 
ncluded such tests of the accounting rec- 
rds and such other auditing procedures as 
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we considered necessary in the circum- -/ 


stances. . ; 

In our opinion, the accompanying finan- 
cial statements present fairly the assets and 
liabilities of The American Economic As- 
sociation as of December 31, 1976 and 
1975, and its revenues and expenses, 
changes in fund balances and the changes 
in its assets and liabilities for the years then 
ended, in conformity with generally ac- 
cepted accounting principles consistently 
applied during the periods. 


Arthur Andersen & Co. 


Nashville; Tennessee 
February 22, 1977 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF ASSETS AND LIABILITIES— aas 
DECEMBER 31, 1976 AND 1975 





Liabilities and 
Assets 1976 1975 Fund Balances ` 1976 1975 
CASH $ 46,373 $121,950 ACCOUNTS PAYABLE AND 
INVESTMENTS, at market ACCRUED LIABILITIES $ 168,015 $152,136 
(Notes | and 2): os DEFERRED INCOME (Note 1): ; 
Temporary investments 405,763 245,000 - Life membership dues 68,034 65,480 
Permanent investments 491,084 486,731 Other membership dues 282,852 255,992 
. $96,847 731,731 Subscriptions 169,967 157,818 
ACCOUNTS RECEIVABLE? 3 Job Openings for 
Advertising, back issues, etc. 76,845 53,412 Economists ___1 1,049 1,049 11,908 1,908 E 
Sales of Index of Eco- ' 531,902 491,193 
nomic Articles 51,303 = ACCRUAL FOR Directory L 
Receivable from publisher 41,924 - (Note 1) 100,000 50,000 
Allowance for doubtful ; Funp BALANCES: | 
accounts (1,000) (1,100) Restricted (Note 4} 48,595 139,676 
169,072 52,312 Add (deduct)-Unrec- 
INVENTORY OF Index of ognized change i 
Economic Artizles market Hax of a 
(at cost 46,098 7 vestments (Notes 
PREPAID wees 5,405 4,251 and 3) __ 9,067 (7,456) 
OFFICE FURNITURE AND 57,662 132,220 
EQUIPMENT (a: cost) less General 277,198 110,535 — 
accumulated depreciation Add (deduct)-Unrec- | 
of $6,174 in 1976 and ognized change in 
$5,144 in 1975 7,027 7,413 market value of in- 
vestments (Notes 1 ca 
and 3) 36,045 (18,432) 
General fund-net worth 313,243 92,103 | 
Total fund balances 325,793 250,211 
Add (deduct)}—-Unrec- 
ognized change in 
market value of in- 
vestments (Notes | 
and 3) 45,112 (25,888) 
Net fund balance 370,905 224,323 


Total Assets 


$1,170,822 $917,657 


Total Liabilities and 
Fund Balances 


$1,170,822 $917,637 





The accompanying notes to financial statements are an integral part of these statements 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF REVENUES AND 


REVENUES FROM DUES AND ACTIVITIES: 
Membership dues and subscriptions 
Nonmember subscriptions 
Job Openings for Economists subscriptions 
Advertising 
Sale of Index of Economic Articles 
Sale of copies, republications, and 

handbooks 
Sale of mailing list 
Annual meeting 
Sundry 


SETTLEMENT OF CLAIM AGAINST PUBLISHER 
INVESTMENT Losses (Note 2) 


Net Revenues 

PUBLICATION EXPENSES: 
American Economic Review 
Journal of Economic Literature 
Papers and Proceedings 
Directory publication (Note 1) 
Job Openings for Economists 
Index of Economic Articles 


OPERATING AND ADMINISTRATIVE EXPENSES: 
= General and administrative: 

Salaries 
Rent 
Other (Exhibit I) 

Committee 

Annual meeting 

Provision for federal income taxes 
(Note 6) 


Total Expenses 
REVENUES IN Excess OF (LESS THAN) EXPENSES 


The accompanying notes to financial statements and Exhibit I are an integral part 


of these statements. 


1976 


$ 468,444 
257,273 
21,034 
76,032 
51,303 


27,664 
35,202 
29,064 


40,921 


1,006,937 
41,924 


(4,281) 


1,044,580 


210,962 
283,012 
58,518 
47,455 
24,926 
12,807 


637,680 


98,032 

8,078 
67,026 
28,639 
15,398 


39,352 


256,525 
894,205 


$ 150,375 


EXPENSES FOR THE YEARS ENDED DECEMBER 31, 1976 AND 1975 


1975 


$380,471 
237,191 
16,852 
63,786 


25,964 
33,397 
12,824 


22,709 


793,194 


(48,125) 


745,069 


195,627 
253,407 
50,989 
60,903 
21,788 


582,714 


103,996 
7,854 
62,443 
22,618 
8,915 


12,200 


218,026 
800,740 


$(55,670) 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENT OF CHANGES IN GENERAL FUND BALANCE 
FOR THE YEARS ENDED DECEMBER 31, 1976 AND 1975 


Market 
Value 
Total Operations Adjustments 

Balance at January 1, 1975 — $148,381 $ (66,609) $214,390 
Add—market value adjustments result- 

ing from inflation {Note 1) 17,825 - 17,825 
Deduct—expenses in excess of revenues (55,671) (55,671) -— 

Balance at December 31, 1975 110,535 (122,280) 232,815 
Add—market value adjustments result- 

ing from infiation (Note 1) 16,288 - 16,288 
Add—revenues in excess of expenses 150,375 150,375 - 

Balance at December 31,1976 -` $277,198 $ 28,095 $249,103 


The accompanying notes to financial statements are an integral part of this statement. 


THE AMERICAN ECONOMIC ASSOCIATION STATEMENT OF CHANGES IN RESTRICTED FUND 
BALANCES FOR THE YEAR ENDED DECEMBER 31, 1976 


Allocation of 
Investment 
Balance at (Losses) Balanc 
January 1 Receipts Disbursements (Note4) Decemb 


The Ford Foundation grant for Economics 

Institute’s crientation program for 

foreign graduate students of economics $102,004 $ 2,367 $ (62,367) $(1,260) $40,7 
The Alfred P. Sloan Foundation, Chase 

Manhattan Bank, and Ford Foundation 

grants for increase of educational 

opportunities far minority students 

in economics 30,753 32,593 (63,346) = - 
Funds reserved by the Association for 

publication of rsvised editions of l 

Graduate Study in Economics, a guide 

originally published with funds from a 

Ford Foundation grant - 5,158 (4,090) ~ 1,0 
The Asia Foundation grant for Asian 

economists’ membership dues to The 

American Economic Association and 

related travel expenses 1,442 - (375) -= 1,0 
The Carnegie Foundation grant for the 

committee on the status of women in the 

economics profession 4,866 - (4,861) ~ 

' The National Science Foundation grant for 

support of a joint ULS.-USSR Sym- 

posium on the Economics of Techno- 

logical Progress - 11,660 (11,660) ~ - 
The Minority scholarship fund for 

minority students applving for graduate 


work in econorics = 5,000 - ~ 5,01 
Sundry 611 100 — = 7 
$139,676 $56,878 $(146,699) $(1,260) $48,5' 





The accompanying notes to financial statements are an integral part of this statement. 
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THE AMERICAN ECONOMIC ASSOCIATION STATEMENT OF CHANGES IN RESTRICTED FUND 
BALANCES FOR THE YEAR ENDED DECEMBER 31, 1975 


The Ford Foundation grant for Economics 
Institute’s orientation program for 
foreign graduate students of economics 

The Alfred P. Sloan Foundation, Chase 

- Manhattan Bank, and Ford Foundation 
prants for increase of educational 
opportunities for minority students in 

“economics 

Funds reserved by the Association for 
publication of revised editions of 
Graduste Study in Economics, a guide 
originally published with funds from a 
Ford Foundation grant 

The Asia Foundation grant for Asian 
economists’ membership dues to The 
American Economic Association and 
related travel expenses 

The Carnegie Foundation grant for the 
committee on the status of women in the 
economics profession 

Fhe Kazanjian Foundation grant for the 
committee on economic education 

the German Marshall fund grant for the 
annual meeting guest speaker 

sundry 


Balance at 
January | 


$256,099 


22,762 


6,094 


415 


20,921 
750 


SH 
$307,552 


Allocation of 
Investment 
(Losses) Balance at 


Receipts Disbursements (Note 4) December 31 


$ 2,074`  $(135,661) $(20,508) $102,004 


40,551 (32,560) z 30,753 
3 (6,094) = z 
2,871 (1,844) $ 1,442 
S (16,055) 3 4,866 
$ (750) R = 
1,500 (1,500) 3 
100 611 


$47,096  $(194,464) $(20,508) $139,676 


The accompanying notes to financial statements are an integral part of this statement. 
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TEE AMERICAN ECONOMIC ASSOCIATION STATEMENTS OF CHANGES IN ASSETS AND 
LIABILITIES FOR THE YEARS ENDED DECEMBER 31, 1976 AND 1975 


Cash (beginning of year) 
Source (Use) or FUNDS: 
Revenues in excess of (less than) expenses 
Add noncash charges 
Depreciation 
Directory publication (Note !) 
Market value adjustments (Note 1) 


Funds provided by operations 


‘Increase) decrease in 
Receivables and prepaid expenses 
Inventory of Index of Economic Articles 
Investments 
Office furniture and equipment 
Increasé (decrease) in- 
Accounts payable and accrued liabilities 
Deferred income 
Restricted funds 
General fund, market value adjustment 
Unrecognized change in market value 
of investments 


Cash (end of year) 


1976 
$ 121,950 
150,375 
1,030 


50,000 
37,314 


238,719 


(117,914) 
(46,098) 
(165,116) 
(644) 


15,879 
40,704 
(91,081) 
16,288 


33,686 


$ 46,373 


1975 
$ 37,471 
(55,671) 


983 
50,000 
80,678 


75,990 


(29,563) 


97,443 
(303) 


(100,574) 
72,165 

(167,876) 
17,825 


119,372 
$ 121,950 





The accompanying notes to financial statements are an integral part of these state- 


ments. 


NOTES TO FINANCIAL STATEMENTS 


(1) Significant Accounting Policies © 
Investments: 


gd 


4 


* 


The Association accounts for its investments on a market value basis. Under the method used by the Asso- 
ciation to value investments, the change in market value of corporate stocks during the year, after adjust-; 
ing for an inflation factor (4.7 percent in 1976 and 6.4 percent in 1975), is recognized in income over a 
three-year period. The change in market value of Treasury Bills, commercial paper, etc., is reflected cur- 
rently in income. The changes in market value of investments are allocated to the general and restricted 


fund balances as appropriate. 
Accrual for Directory: 


Approximately every three to five years, the Association publishes a directory which lists, among other 
things, the names and addresses of tts membership. This directory was last published in 1974 and dis- 
tributed at no cost to the membership. In order to match more properly the publishing cost of this direc- 
tory with revenue from membership dues, the Association provided $50,000 in 1976 and 1975 for esti- 
mated publishing costs which will reduce actual directory expense in the year of publication. 


Deferred Income: 


Revenue from membership.dues and subscriptions to the various periodicals of the Association are K 
ferred when received; these amounts are then recognized as income as publications are mailed to the 


members and subscribers. 


Life membership dues are also deferred when received; income is recognized over the estimated average life 


of these members. 
(Z) Investments and Investment Income 


The followirg is a summary of investments held by the Association at December 31: 


Cost 
Treasury Bills, commercial paper, etc. $549,081 
Corporate stocks 204,943 
Total $754,024 


Market 


$549,081 
347,766 
$896,847 


1975 
Cost Market 
$298,000 $298,000 
312,064 433,731 
$610,064 $731,731 


r 


S 
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Investment losses recognized in income for the years ended December 31, were as follows: 








1976 1975 















Treasury Bills, commercial paper, etc. 
Interest $ 24,780 $ 22,449 
Change in market value — ~ 


24,780 22,449 
Corporate stocks 
Cash dividends 12,284 15,019 
Decline in market value recognized (Note 3) (46,702) (113,311) 
(34,418) (98,292) 
Investment losses allocated to a restricted fund (Note 4) 5,357 27,718 
Investment losses included in income $ (4,281) $ (48,125) 





(3) Unrecognized Change in Market Value of Investments 

As described more fully in Note 1, the Association recognizes in income over a three-year period changes in 
the market value of its corporate stocks. The following summarizes the years in which market value 
changes in stocks ocċurred that affect 1976 and 1975 revenues, and the amount of these market value in- 
creases (declines) that will be recognized in income in future periods. 


Unrecognized 
Year of Recognized in To be Change 
Market Income in Recognized in December 31 
Value See eee ee N E AE a a a EEEE ee eee 
Change 1976 1975 1977 1978 1976 1975 
1973 $ - $ (58,509) $ - $ - $ - $ - 
1974 (83,715) (83,715) - - ~ (83,715) 
1975 28,913 28,913 28,914 - 28,914 57,827 
1976 8,100 - 8,099 8,099 16,198 - 
$( 46,702) $(113,311) $37,013 $8,099 $45,112 $(25,888) 


Included in the above unrecognized changes as of December 31, are increases (declines) of $9,067 and 
(S7,456) in 1976 and 1975, respectively, which have been allocated to a restricted fund. The amounts allo- 
cated are based on the percentage of the Association’s total stock portfolio owned by this restricted fund. 


(4) Restricted Fund 
In 1968, the Association entered into an agreement with the University of Colorado relating to the Ford 

Foundation grant for the Economics Institute which provides, among other things, that the Association 

invest a portion of the funds received and allocate any income and market value adjustments therefrom 

to the restricted fund. In accordance with this agreement, the following adjustments were allocated to the 


= restricted fund: ; 

A 1976 1975 
Net investment losses (Note 2) $(5,357) $(27,718) 
Market value adjustments arising from inflation 4,097 7,210 

Total $(1,260) $(20,508) 


(5) Retirement Annuity Plan 
Employees of the Association are eligible for participation in a contributory retirement annuity plan. Pay- 
ments by the Association and participating employees are based on the employee’s compensation. Bene- 
fiz payments are based on the amounts accumulated from such contributions. The total pension expense 
was $14,625 and $11,910 for 1976 and 1975, respectively. 


(6) The Association 
The American Economic Association files its federal income tax return as an educational organization, sub- 
f stantially exempt from income tax under section 501(¢)(3) of the U.S. Internal Revenue Code. As required 
by Section 511{a) of this Code, the Association provides for federal income taxes on certain revenues 
which are not substantially related to its tax exempt purpose. This “unrelated business income” includes 
income from advertising and the sale of mailing lists. 
The Association has been determined to be an organization which is not a private foundation. 
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EXHIBIT I—THe AMERICAN ECONOMIC ASSOCIATION 


STATEMENTS OF OTHER GENERAL AND ADMINISTRATIVE EXPENSES 


FOR THE YEARS ENDED DECEMBER 31, 1976 AND 1975 


Meiling list file maintenance and periodic mailing expenses 
Accounting and legal 
Office supplies 


Postage 

Dres and subscriptions 

Te ephone 

Investment counsel and custodian fees 
President and president-elect expenses 
Travel and entertainment 
Depreciation (straight-line method) 
Urcollectible receivables ` ` 


Currency exchange charges (credits) 
Insurance and miscellaneous 


1976 


$17,344 
10,770 
13,744 


7,592 
2,590 
3,685 


2,979 
3,525 


566 
1,030 
789 


(620) 
3,032 
$67,026 


SEPTEMBER 1977 


1975 


$14,658 
7,600 
10,942 


11,863 
2,819 
2,802 


$62,443 


| 


~~ 


} 





i | NOTES 


NINETIETH ANNUAL MEETING OF THE AMERICAN 
ECONOMIC ASSOCIATION 


New York, New York, December 27-30, 1977 


Preliminary Announcement of the Program 


Tuesday, December 27, 1977 
10:00 a.m. EXECUTIVE COMMITTEE MEETING 


pes nn 


Wednesday, December 28, 1977 


F 


8:15 A.M. ECONOMICS OF LIFE AND SAFETY * 
Presiding: PuiLIpe J. Cook, Duke University 
Papers: HENRY GRABOWSKI AND JOHN VERNON, Duke University 
Consumer Product Safety 
THOMAS C. SCHELLING, Harvard University 
Willpower and Overeating 
AMOS TVERSKY, Hebrew University 
Risky Decisions Involving Human Lives 
Discussants: ROLAND MCKEAN, University of Virginia 
JOHN PRATT, Harvard University 
JAMES VAUPEL, Duke University 


8:15 A.M. ENERGY AND ECONOMIC GROWTH* 
nee Presiding: Lester B. Lave, Carnegie-Mellon University 
Papers: EDWARD A. Hupson, Data Resources Inc., AND DALE JORGENSON, Harvard University 
The Relation Between Energy and Economic Growth 
WILLIAM D. Norpuaus, Council of Economic Advisers and Yale University 
Programming Models for Analyzing the Relation Between Energy and Economic Growth 
Discussants: TIALLING Koopmans, Yale University 
CLARK BULLARD, University of Illinois 
WILLIAM HOGAN, Stanford University 


8:15.M. EARNINGS AND EMPLOYMENT OF WOMEN AND RACIAL MINORITIES” 
Presiding: Fints WELCH, University of California-Los Angeles 
Papers: MARY CORCORAN, University of Michigan 
The Structure of Female Wages 
JAMES SMITH, RAND Corporation 
| Recent Evidence on Black-White Differences in Male Wages 
fad Discussants: GLENN Loury, Northwestern University 
í RONALD Oaxaca, University of Arizona 


8:15 A.M. THE NEGATIVE INCOME TAX AND THE ROLE OF SOCIAL EXPERIMENTATION 
Presiding: HAROLD Watts, Columbia University 
Papers: TERRY JOHNSON, PHitip K. Rosins, RicHarD W. WeEst, Stanford Research Institute, 
AND JOHN PENCAVEL, Stanford Research Institute and Stanford University 
Measuring the Labor Supply Response to a Negative Income Tax Using Results from the 
Seattle and Denver Income Maintenance Experiments 
ROBERT A. Morritt, Mathematica Policy Research Inc. 
Estimating Labor Supply Response to a Negative Income Tax Experiment in the Presence of 
Other Tax and Transfer Programs 
LYLE P. GROENEVELD, Stanford Research Institute, MICHAEL HANNAN, AND NANCY BRANDON 
Tuma, Stanford Research Institute and Stanford University 
Measuring the Effects of a Negative Income Tax on Marital Status Using Results from the 
Seattle and Denver Income Maintenance Experiments 
Discussanits: Guy ORCUTT, Yale University 
MILTON FRIEDMAN, University of Chicago and Hoover Institution 


a wt 


789 


790 THE AMERICAN ECONOMIC REVIEW SEPTEMBER 1977 


8:15 A.M. ANALYTICAL MODELS FOR ASSESSING HousING POLICY ECONOMICS 
Presiding: FRANK DE Leeuw, U.S. Congressional Budget Office 
Papers: Jonn F. KAN, Harvard University, AND WILLIAM APGAR, National Bureau of Economic 
Research 
Simulation of Housing Market Dynamics 
CAROL CORRADO, Federal Reserve Board, AND THOMAS COOLEY, University of California-Santa 
Barbara 
controlling Fluctuations in Housing ‘Construction: An Analysis of Costs and Policy Options 
Discussants: JAMES L. SWEENEY, Stanford University 
(Others to be announced) 


8:15 A.M. PRICING IN PUBLIC UTILITIES: RECENT ADVANCES IN THEORY AND PRACTICE 
Pres:ding: WILLIAM J. BAUMOL, Princeton University and New York University 
Papers: ROBERT D. WILLIG AND ELIZABETH E., BAILEY, Bell Laboratories 
Methods for Public Interest Pricing mots 
BEIDGER MITCHELL, RAND Corporation 
Pricing in European Public Utilities 
A. MICHAEL SPENCE, Harvard University l 
A Survey of Quantity-Dependent Pricing Models 


8:15 A.M. TIME SERIES IN ECONOMIC DEMOGRAPHY 
Presiding: T. PAUL SCHULTZ, Yale University 
Papers: RICHARD A. EASTERLIN AND MICHAEL WACHTER, University of Pennsylvania 
The Passing of the Kuznets Cycle: Is There Life After Death? 
ROBERT T. MICHAEL, Stanford University and National Bureau of Economic Research 
Causes of the Recent Rise in U.S. Divorce Rates 
WILLIAM P, Butz, RAND Corporation, AND MICHAEL P. WARD, University of California-Los 
Angeles 
The Emergence of Countercyclical U.S. Fertility 
RONALD D., Leg, University of Michigan | 
A Stock Adjustment Model of U.S. Marital Fertility: 1947-Present 
Discussant: ROBERT J. Witvis, Stanford University and National Bureau of Economic Research | 


8:15 a.M. MONETARY Economics (Contributed Paper Session) 
Presiding: RONALD MCKINNON, Stanford University 
Papers: JOHN M. FINKELSTEIN, Indiana University 
The Macroeconomic Impact of a Loan Reserve Requirement 
E:ouGLAS FISHER, North Carolina State University, AND JEFFREY I. BERNSTEIN, Concordia Uni- 
versity 
Consumption, the Term Structure of Interest Rates, and the Demand for Money 
Pau. G. REINHARDT, York University 
Inflation-Induced Redistributions: The Wage-Lag Hypothesis Revisited 
J. HUSTON McCuLLocn, National Bureau of Economic Research 
Misintermediation and Business Fluctuations 
E. R. KOLLURI AND R. SINGAMSETTI, University of Hartford 
Permanent Income, Inflationary Expectations and the Demand for Money in U.S.: An Errors 
in- Variables Approach 


10:30 A.M. CRITIQUE OF OUR SysTEM* 
Presiding: ROBERT SoLow, Massachusetts Institute of Technology 
Papers: SAMUEL BOWLES, University of Massachusetts 
(Title to be announced) 
JAMES BUCHANAN, Virginia Polytechnic Institute and State University 
(Title to be announced) 
ROBERTO M. UNGER, Harvard University 
(Title to be announced) 
Dircussants; ROBERT SOLOw, Massachusetts Institute of Been OgIOY 
(Others to be announced) 


10:30 A.M. ECONOMICS OF CRIME: DETERRENCE 
Presiding: ALFRED BLUMSTEIN, Carnegie-Mellon University ’ 
Papers: STEPHEN A. HOENACK, WILLIAM WEILER, AND Davip L., Ssoquist, University of Minne-) 
sota 
Estimates of a Structural Model of Murder Behavior and the Criminal Justice System 


ee 
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CHARLES MANSKI, Carnegie-Mellon University 
On the Feasibility of Inferring Deterrent Effects from Observations on Individual Criminal 
Behavior 

RoBERT GORDON, University of Chicago and National Opinion Research Center 
An Econometric Model for Measuring the Impact of Legalized Gambling 

DANIEL NaGIn, Duke University 
Crime Ratios, Sanction, Levels, and Constraints on Prison Populations 

Discussants: MICHAEL BLOCH, Stanford University 
WALTER VANDAELE, Harvard University 


(10:30 A.M. INTERNATIONAL TRADE AND THE DEVELOPING COUNTRIES* 
: Presiding: GOTTFRIED HABERLER, American Enterprise Institute 
Papers: CARLOS DIAZ-ALEJANDRO, Yale University 
r i International Markets for LDC’s: The Old and the New 
| RONALD Finpb.ay, Columbia University 
Direct Foreign Investment and the Transfer of Technology 
ANNE O, KRUEGER, University of Minnesota 
Alternative Trade Strategies and Employment in LDC’s 
Discussants; GARY HUFBAUER, U.S. Treasury Department 
RONALD MCKINNON, Stanford University 
ROBERT BALDWIN, University of Wisconson 


E 


10:30 A.M. THE GOALS OF STABILIZATION POLICY* 
Presiding: G. LELAND Bacu, Stanford University 
Papers: GARDNER ACKLEY, University of Michigan 
The Costs of Inflation 
MARTIN S. FELDSTEIN, Harvard University 
. The Costs of Unemployment 
=< HENRY WALLICH, Board of Governors of the Federal Reserve System 
Balancing Inilation and Unemployment 
Discussants: G. LELAND Bacu, Stanford University 
BARRY BOSWORTH, The Brookings Institution 
MICHAEL HURD, Stanford University 


10:30 a.m. DYNAMIC MODELS OF OLIGOPOLY 
Presiding: F. M. SCHERER, Northwestern University 
Papers: Darius Gaskins, Federal Trade Commission 
Dynamic Limit Pricing With Rational Entrants 
Wayne Y. Ler, Indiana University, AND ANDREW J. SENCHACK, JR., University of Texas-Austin 
Learning Dynamics and Dominant Firm Behavior 
RICHARD SCHMALENSEE, Massachusetts Institute of Technology 
Entry Deterrence in the Breakfast Cereal Industry 
Discussants: CLEMENT G. Krouseé, University of California-Los Angeles 


=— GLENN C. Loury, Northwestern University 
7 


10:30 A.M. INEQUALITY, INCOME DISTRIBUTION, AND INCOME TRANSFERS (Contributed Paper Session) 
Presiding: MARTIN BRONFENBRENNER, Duke University 
Papers: Gary S. Fie_ps, Yale University 
A Welfare Economic Analysis of Growth and Distribution in the Dual Economy 
REBECCA A. MAYNARD, Mathematica Policy Research, Inc., AND RICHARD J. MURNANE, 
University of Pennsylvania 
The Effects of Cash Transfers on School Performance 
ROBERT A. Morritt, Mathematica Policy Research, Inc. 
The Taxation of Earnings in the AFDC Program, 1938-1969 
MICHAEL SATTINGER, Miami University 
Capital Intensity and Labor Earnings Inequality 
JoHN A, TURNER, Social Security Administration 
n Social Security, Labor Supply and Savings 
10:30 A.M. REGULATION IN THE HEALTH CARE INDUSTRY (Joint Session with the Health Economics Re- 
search Organization) 
Presiding: DONALD E. YETT, University of Southern California 
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Papers: JERRY CROMWELL, Abt Associates, Inc. 
Hospital Rate Regulation — 
ALAN D. BAUERSCHMIDT, R. W. Furst, AND Puitip Jacogs, University of South Carolina 
An Economic Model of Health Insurance Regulation 
JOSEPH Lipscoms, Duke University 
Prices, Productivity, and the Legal Structure of Dental Practice 
Diseussants: NANCY O. THORNDIKE, Health Care Financing Administration, U.S. Department 
of Health, Education and Welfare. 
Lewis FREIBERG, JR., National Association of Blue Shield Plans 
LEONARD DRABEK, University of Southern California and University of California-Los Angeles 


10:30 A.M. ENERGY MODELLING FOR THE U.S. Economy (Joint Session with the Econometric Society) 
Presiding: TJALLING KOOPMANS, Yale University 
Papers: CLARK BULLARD, University of Illinois 
Long Range Energy Demand Analysis 
GEORGE DANTZIG, THOMAS CONNOLLY, AND SHAILENDRA PARIKH, Stanford University 
PILOT Energy-Economic Model . 
KENNETH HOFFMAN, DaviD BEHLING, Brookhaven National Laboratory, AND DALE JORGEN- 
SON, Harvard University l 
Economic and Technological Models for Energy Analysis 
ALAN MANNE, Stanford University, AND RICHARD RICHELS, Electric Power Research Institute 
A Decision Analysis of the U.S. Breeder Reactor Program 
Discussants: AUDIENCE 


10:30 a.M. RECENT ADVANCES IN MATHEMATICAL Economics I (Joint Session with the Econometric Society) 
Presiding: KENNETH J. ARROW, Harvard University 
Papers: LEONID Hurwicz, University of Minnesota 
Resource Allocations Attainable Through Nash Equilibria 
HuGo SONNENSCHEIN, Princeton University l 
Aggregate Demand Functions 
Jonn J. MCCALL AND STEVEN A. LIPPMAN, University of California-Los Angeles „i 
Probablistic Economics 
Discussants: AUDIENCE 


12:30 P.M. Jöt LUNCHEON (With the American Finance Association) 
Presiding: LAWRENCE R. KLEIN, University of Pennsylvania 
Speaker: W. MICHAEL BLUMENTHAL, Secretary of the Treasury 


2:00 P.M. ECONOMICS AND ANTHROPOLOGY: DEVELOPING AND PRIMITIVE ECONOMIES* 
Presiding: IRMA ADELMAN, University of Maryland 
Parelists: GEORGE DALTON, Northwestern University 
CLIFFORD GEERTZ, Princeton University 
AMYRA GROSSBARD, Pitzer College 


2:00 p.m. Lire CYCLE AND HOUSEHOLD DECISION MAKING* 
Presiding: Marc NERLOvE, Northwestern University 
Papers: MARTIN S., FELDSTEIN, Harvard University = 
The Interdependence of Savings and Retirement Decisions 
JAMES J, HECKMAN, University-of Chicago 
The Dynamics of Female Labor Supply 
T. PauL ScuuLtz, Yale University 
Fertility and Mortality in Family Decision Making Over the Life Cycle 
Discussants: SHERWIN Rosen, University of Chicago 
ROBERT WILLIS, National Bureau of Economic Research 


Pad 


2:00 P.M. CHANGES IN CONSUMER PREFERENCES* 
Presiding: MICHAEL MANOVE, Boston University 
Pavers: ROBERT A. POLLAK, University of Pennsylvania 
Consumer Sovereignty When Tastes are Changing 
EDGAR A, PESSEMIER, Purdue University 
Stochastic Properties of Changing Preferences 
Tuomas A. MARSCHAK, University of California-Berkeley 
Economic Issues for Research in Changing Taste 
Discussants: RICHARD SCHMALENSEE, Massachusetts Institute of Technology 
Lester D. TAYLOR, University of Arizona 
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2:00 P.M. 


2:00 P.M. 


2:00 P.M. 


2:00 P.M. 
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EFFECTIVENESS OF MONETARY, FISCAL, AND OTHER POLICY TECHNIQUES: COMPETING MEANS* 
Presiding: FRANCO MODIGLIANI, Massachusetts Institute of Technology 
Papers: ROBERT J, GORDON, Northwestern University 


The Effectiveness of Monetary and Fiscal Policies in Controlling Money and Real Incomes 
CHARLES C. HOLT, The Urban Institute 

Labor Market Policies to Improve the Tradeoff Betwéen Unemployment and Inflation 
ARTHUR OKUN, The Brookings Institution 

Other Policies to Affect the Unemployment/Inflation Tradeoff 
ROBERT Lucas, University of Chicago 

Unemployment Policy 


URBAN AND REGIONAL Economics (Contributed Paper Session) 
Presiding: Juuius MARGOLIS, University of California-Irvine 
Papers: ALAN D. ANDERSON, Carnegie-Mellon University 


Long-Run Adjustment of the Urban Housing Stock in Response to Transport Innovation 
MICHAEL L. GOETZ AND LARRY E. WorrorbD, University of Tulsa 
An Economic Analysis of Land Use Controls 
WILLIAM K. HUTCHINSON, Miami University 
Regional Exports to Foreign Countries: United States 1870-1910 
Jonn D. FILER AND LAWRENCE W. KENNY, University of Florida 
Voter Reaction to City-County Consolidation Referenda 
PETER LINNEMAN, University of Chicago 
The Presence of Children, Location Decisions, and the Suburbanization Process 


RACIAL DISPARITIES AND POLICIES TO ELIMINATE THEM (Joint Session with the National Economic 
Association)* 

Presiding: BERNARD ANDERSON, University of Pennsylvania 

Papers: Marcus ALEXIS, Northwestern University 


The Economic Status of Blacks and Whites 

HAROLD BLACK AND LEWIS MANDELL, Comptroller of the Currency 
Redlining and Discrimination in Mortgage Lending 

CHARLES BETSEY, U.S. Department of Labor 
Differences in Unemployment Experience Between Blacks and Whites 


Discussants: DAVID SWINTON, State University of New York-Stony Brook 


RONALD TROSPER, Boston College 
KARL GREGORY, Oakland University 


COMPARATIVE RESPONSES TO THE ENERGY CRISIS IN DIFFERENT Economic Systems (Joint Session 
with the Association for Comparative Economic Systems) ` 

Presiding: ARTHUR W. WRIGHT, Purdue University 

Papers: Four Case Studies: 


Y OSHI TsuRUMI, Columbia University 
—Japan 

G. EDWARD SCHUH, Purdue University 
— Brazil 

JOHN HABERSTROH, Central Intellegence Agency 
—Hungary 

ARTHUR W. WRIGHT, Purdue University 
—United States 


Comparative Analyses of the Four Cases: 


TUDITH THORNTON AND ROBERT HALVORSEN, University of EMEN 
JEFFREY B. MILLER, University of Delaware 


BUREAUCRATIC BEHAVIOR AND CONGRESS (Joint Session with the Public Choice Society) 
Presiding: MORRIS Fiorina, California Institute of Technology 
Papers: JOHN W. Snow, U.S. Highway and Traffic Safety Administration 


Evaluating the Federal Experience in Motor Vehicle Safety 
BARRY WEINGAST, Washington University 

The Influence of Congress on Regulatory Decision Making 
ANTHONY E. BOARDMAN, University of Pennsylvania 

Bureaucratic Behavior and Educational Policy 


Discussants: CHARLES GOETZ, University of Virginia 


ROBERT GREEN, Carnegie-Mellon University 
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8:15 A.M. 


8:15 A.M. 
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THEORY OF ECONOMIC GROWTH (Joint Session with the Econometric Society) 
Presiding: (To be announced) 
Papers: RICHARD GILBERT, University of California-Berkeley oe 
` _ Growth and Exhaustible Resources 
MUKUL MAJUMDAR, Cornell University 
“Turnpike-Type” Results Under Uncertainty 
Discussants: (To be announced) 


n 


ECONCMICS AND LAw* 
Presiding: (To be announced) 
Papers: WILLIAM LANDES AND RICHARD POSNER, University of Chicago 
Economic Analysis of Legal Precedent 
KENNETH WOLPIN, Yale University 
Upsurge of Crime in Great Britain in the Last 25 Years 
CHARLES PHELPS AND RODNEY SMITH, RAND Corporation 
The Effects of Regulation on the Oil Industry ; 
Discussant: GUIDO CALABRESI, Harvard University us 


FIRST YEAR OF THE CARTER ADMINISTRATION’S ECONOMIC POLicy (Joint Session with the Society 
of Government Economists) 

Presiding: FRANK SCHIFF, Committee for Economic Development 

Papers: (To be announced) 


RICHARD T. ELY LECTURE* 
Presiding: (To be announced) 
Speaker: HERBERT A. SIMON, Carnegie-Mellon University 
Rationality As Process and as Product of Thought 


Thursday, December 29, 1977 


EFFICIENCY OF MANAGERIAL DECISION PROCESSES* | aa 
Presiding: PAUL Joskow, Massachusetts Institute of Technology 
Papers: JOSEPH Bower, Harvard University 

The Business of Business is Serving Markets 
HARVEY LEIBENSTEIN, Harvard University 
An X-Inefficiency, Nontradeoff Theory of Firm Organization 
SIDNEY WINTER, University of Michigan 
On the Economics of Attention 
Discussants: RICHARD Day, University of Southern California 
MICHAEL ROTHSCHILD, University of Wisconsin 
(Others to be announced) 


ENERGY POLICY 
Presiding: WALTER J. MEAD, University of California-Santa Barbara 
Papers: WALTER J. MEAD, University of California-Santa Barbara eas 
An Overview of Past U.S. Energy Policies 
MILTON RUSSELL, Resources for the Future 
U.S. Energy Policy Options 
STEPHEN L. MCDONALD, University of Texas-Austin 
U.S. Energy Resource Leasing Policy __ 
HENDRIK S. HOUTHAKKER, Harvard University 
U.S. International Energy Policy 
Discussants: PAUL W. MacAvoy, Yale University 
JOHN W. WILSON, Consulting Economist 


- 


EcoNomic EDUCATION* 
Presiding: G. LELAND BACH, Stanford University 
Papers: DAVID HARTMAN, Harvard University 
What Do Majors in Economics Learn? 
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Discussants: ROUND TABLE: “WHAT DO (SHOULD) MAJORS IN ECONOMICS LEARN?” 
MARTIN BRONFENBRENNER, Duke University 
BARBARA REAGAN, Southern Methodist University 
RoBERT SoLow, Massachusetts Institute of Technology 
ROBERT THOMAS, University of Washington 


8:15 A.M. DEVELOPMENT, PLANNING, AND GROWTH (Contributed Paper Session) 


a 


t 


8:15 A.M. 


iat 
. 


Presiding: HUEY J. BATTLE, Virginia State College 
Papers: ANTONIO MARIA Costa, United Nations 
International Linkage of Econometric Models for the CMEA Region: Characteristics and 
_ Policy Responses 
JAMES A. EDMONDS, Centre College of Kentucky and Institute for Energy Analysis 
The Interaction of Economic Growth, Population Growth, and Human Capital 
CHARLES MICHAEL ELLIS, University of Central Arkansas 
Regional Economic Development and Income Inequality: A Principal Component-Canonical 
Correlation Analysis 
DONALD A. HANSON, Southern Methodist University 
Efficient Transitions From a Resource to a Substitute pecnnpioey in a Macroeconomic Growth 
Context 
GIAN S. SAHOTA, Vanderbilt University, AND CARLOS A. Rocca, University of Sao Paulo 
Distribution in the Process of Growth 
HUMAN RESOURCES AND LABOR SUPPLY (Contributed Paper Session) 
Presiding: T. PAUL SCHULTZ, Yale University 
Papers: BARRY T. Hirscu, University of North Carolina-Greensboro 
Earnings Inequality Across Labor Markets: A Test of the Simple Human Capital Model 
Mark R. ROSENZWEIG, Princeton University 
Neoclassical Theory and the Optimizing Peasant: An Econometric Analysis of Labor Sup- 
ply in a Developing Country 
STEVEN H. SANDELL, Ohio State University- 
Is the Unemployment Rate of Women Too Low? A Direct Test of the Economic Theory-of 
Job Search 
SHARON P. SMITH AND JAMES F. RAGAN, Federal Reserve Bank of New York 
The Impact of Differences in Turnover Rates on Male/Female Pay Differentials 
STANLEY P. STEPHENSON, JR., Pennsylvania State University ; 
The School to Work Transition of Young Men Aged 16-24 


8:15 A.M. REGULATION, LAW, AND EXTERNALITIES (Contributed Paper Session) 


bes 
y 


8:15 A.M. 


Ñ 
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Presiding: WILLIAM M. LANDES, University of Chicago 
Papers: MELVIN J. HINICcu, Virginia Polytechnic Institute and State University, AND RICHARD 
STAELIN, Carnegie-Mellon University 
A Study of the Effects of Food Regulation 
KEVIN HOLLENBECK, Mathematica Policy Research, Inc. 
The Employment and Earnings Incidence of the Regulation of Air Pollution 
SAMUEL L. Myers, University of Texas-Austin 
An Economic Model of Black-White Differentials in the Post-Release Behavior of Criminal 
Offenders 
' GEORGE H. Sweeney, Vanderbilt University 
Dynamic Behavior of a Firm Subject to Rate of Return Regulation 
DONALD WITTMAN, University of California-Santa Cruz 
Optimal Methods of Monitoring and Control with Special Reference to the Legal System 


A 


INDUSTRIAL LOCATION DECISIONS (Joint Session with the Econometric Society) 
Presiding: W ALTER ISARD, University of Pennsylvania 
Papers: DONALD ERLENKOTTER, University of California-Los Angeles 
Dynamic Models of Industrial Location Decisions 
ROGER SCHMENNER, Harvard University, AND DAN WEINBERG, Abt Associates, Inc. 
Evolutionary Model of Intra-Metropolitan Location Decisions 
DENNIS W. CARLTON, University of Chicago 
Econometric Models of New Business Location 
Discussants: PETER KEMPER, University of Wisconsin 
RAYMOND J. STRUYK, Department of Housing and Urban Development 
(Others to be announced) 
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8:15 A.M. RECENT ADVANCES IN MATHEMATICAL ECONOMICS II (Joint Session with the Econometric Society) 
Presiding: MICHAEL D. INTRILIGATOR, University of California-Los Angeles 
Papers: LIONEL McKenzie, University of Rochester 
Optimal Economic Growth and Turnpike Theorems 
W. Erwin DIEWERT, University of British Columbia 
Duality Approaches to Microeconomic Theory 
ROBERT C. MERTON, Massachusetts Institute of Technology 
Investment Theory 
Discussants: AUDIENCE 


10:30 A.M. ECONGMICS AND ETHICS: ALTRIUSM, JUSTICE, POWER* 
Presiding: MORDECAI KURZ, Stanford University 
Papers: JOHN HARSANYI, University of California-Berkeley 
Utilitarianism, Preferences, Rules, and Rationality 
THOMAS C. SCHELLING, Harvard University 
Strategically Self-Serving Behavior 
MORDECAI KURZ, Stanford University 
Altruism as an Outcome of Social Interaction 
Discussants: ROBERT TRIVERS, Harvard University ‘ 
ROGER MYERSON, Northwestern University 
JOHN HARSANYI, University of California-Berkeley 


10:30 A.M. QUALITY OF WORKING LIFE* 
Presiding: LLOYD ULMAN, University of California-Berkeley 
Papers: KARL-OLOF FAXEN, Swedish Employers Confederation 
Disembodied Technical Progress: Does Employee Participation in Decision Making Contribute 
to Change and Growth? 
R. B. FREEMAN, Harvard University 
Job Satisfaction as an Economic Variable 
LESTER C. THUROW, Massachusetts Institute of Technology 
The Concept of Psychic Income: Useful or Useless? 
Discussants: R. A. OSWALD, Service Employees Int. Union, Washington 
MICHAEL J. Piori, Massachusetts Institute of Technology = 
GEORGE Strauss, University of California-Berkeley 


10:30 A.M. ECONGMICS OF DEVELOPMENT: SELF-CRITIQUE FROM Two SIDES 
i Presiding: (To be Announced) 
Papers: JOHN G. GURLEY, Stanford University 
What Has Marxist Economics Learned From Recent Experience? 
JEFFREY B. NUGENT, University of Southern California, AND PAN A. YOTOPOULOs, Stanford 
University 
Has Orthodox Economics Learned from Marxist Approaches? 
Davip MorawetTz, Hebrew University 
The Economics of Development of the Socialist Countries: What Can We Learn From Their 
Experience? 
A “BERT FISHLOW, University of California-Berkeley 
The Economics of Development of Some Socialist Developing Countries: What Can Be 
Learned from their Experience? in 
Discussants: (To be announced) 


10:30 A.M. PROBL=MS OF REGIONAL ECONOMIC DEVELOPMENT* 
Presiding: LEON Moses, Northwestern University 
Papers: DaviD KRESGE, National Bureau of Economic Research, AND DANIEL SEIVER, University 

of Alaska 
Planning for a Resource-Rich Region: The Case of Alaska 
F. LEE BROWN AND ALLEN V. KNEESE, University of New Mexico 
The Southwest: A Region Under Stress 
ROBERT A. LEONE AND JOHN R. MEYER, Harvard University 
The Northeastern States and Their Future 
Discussants: BENJAMIN CHINITZ, State University of New York-Binghamton 
WALTER ISARD, University of Pennsylvania 


a 
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10:30 a.m. Cost-BENEFIT ANALYSIS (Contributed Paper Session). 
Presiding: ROLAND N. McKean, University of Virginia * 
Papers: Rita R. CAMPBELL, Hoover Institution 
m Prospective Cost-Benefit Analysis of a New Drug “Tagamet” (Cimetidine) Used to Treat 
ig Duodenal Ulcer 
W. Mark CRAIN, Virginia Polytechnic Institute and State University 
The Economics of Mandatory State Vehicle Inspections 
CHARLES M. Gray, Governor’s Commission on Crime Prevention and Control, St. Paul, MN 
Neighborhood Crime and the Demand for Central City Housing 
JOHN KRAFT AND MARK RODEKOHR, Federal Energy Administration 
An Analysis of the Distribution of Benefits Associated with a Two-Tier Natural Gas Market 


10:30 A.M. DECISION MAKING IN THE PRIVATE AND PUBLIC SECTORS (Contributed Paper Session) 
| Presiding: LELAND W. Jounson, RAND Corporation 
Papers: LEE S. FRIEDMAN, University of California-Berkeley 
| A Public Sector Application of an Evolutionary Model: The Production of Bail Reform 
FRANK LEVY AND MARK KAMLET, University of California-Berkeley 


b~ The Revealed Preference of a Satisficing Bureaucrat 
ROBERT J. MICHAELS, California State University-Fullerton 
5 Public Production in a Declining Industry: The Case of State Mental Hospitals 


MICHELLE J. WHITE, University of Pennsylvania 
The Economics of Partnership 


10:30 A.M. DEMAND AND PRICING (Contributed Paper Session) 
Presiding: ELIZABETH E. Bailey, Bell Laboratories 
Papers: SCOTT E. ATKINSON, Federal Energy Administration 
A Preliminary Analysis of the FEA Time-of-Day Electricity Pricing Experiments 
RoBERT E. Danssy, Bell Laboratories 
An Economic Evaluation of Interruptible Service Offerings 
Davin S. Siptey, M. Barry GOLDMAN, Bell Laboratories, AND HAYNE E., LELAND, University 
| of California-Berkeley 
Optimal Non-Uniform Pricing 
ALFRED FRANCFORT, University of Pittsburgh-Johnstown, AND J. D. STENGER, United Ilfumi- 
ak nating Company, New Haven, CT 
Response of Residential Customers to Time-of-Use Rates for Electricity: A Case Study 


10:30 A.M. ECONOMICS OF CRIME AND LAW ENFORCEMENT (Joint Session with Omicron Delta Epsilon) 
Presiding: MICHAEL SZENBERG, Long Island University 
Papers: Davip A. KENNETT, Columbia University 
The Distribution of Unpriced Public Goods: A Theoretical Overview with Some Empirical 
Results for Police Services 
Mario R1zzo, University of Chicago 
Rent Property Values and Cost of Crime to Victims 
EMANUEL Haas, City University of New York 
The Determinants of Municipal Crime Rates and Law Enforcement Expenditures 
Discussants: ROGER MEINERS, University of Miami 
ALAN COHEN, University of Wisconsin 
L - STU GUTTERMAN, State University of New York-Stony Brook 


{10:30 a.m. ECONOMIC ANALYSIS OF REGULATION (Joint Session with the Transportation and Public Utilities 
Group of the AEA) 
| Presiding: WILLIAM G. SHERUERD, University of Michigan 
| Papers: JAMES R. NELSON, Amherst College 
| Marginal-Cost Pricing and Related Devices 
: JOHN B. SHEAHAN, Williams College 
| Public Enterprise: Ideas From European Experience 
| PAUL MacAvoy, Yale University 
! Deregulation: Politics and Economics as Regulatory Reform. 
Discussant: DONALD J. DEWEY, Columbia University 


12:30 P.M. LUNCHEON HONORING THE 1976 NOBEL LAUREATE MILTON FRIEDMAN 
Presiding: SIMON Kuznets, Harvard University 
te Speaker: KARL BRUNNER, University of Rochester 
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2:00 P.M. DECENTRALIZATION, BUREAUCRACY, AND GOVERNMENT* 
Presiding: MANCUR OLson, University of Maryland 
Papers: WILLIAM Brock, University of Chicago AND STEPHEN MAGEE, University of Texas peer 
Economics of Special-Interest Politics 
JOEL GUTTMAN, University of California-Los Angeles 3 
“Semi-Cooperative” Equilibria in the Provision of Public Goods 
ROGER NOLL AND Morris Fiorina, California Institute of Technology 
The Electoral Foundations of the Growth of Bureaucracy 
Discussants: DANIEL MCFADDEN, University of California-Berkeley 
RICHARD NELSON, Yale University 
WALLACE Oates, Princeton University 


2:00 P.M. ECONOMICS AND MORAL VALUES 
Presiding: KENNETH E. BOULDING, University of Colorado 
Panelists: CAROLYN SHAW BELL, Wellesley College 
EMILE Benoit, Columbia University 
MATTHEW EDEL, Queens College, City University of New York 
Nem H. Jacoby, University of California-Los Angeles ~a 
Jonn C. OʻBrien, California State University-Fresno 





2:00 P.M. LOCAL REGULATION AND THE ECONOMY OF THE CITY 
Presiding; HAROLD HOCHMaN, City University of New York 
Paperz; MICHELLE WHITE, University of Pennsylvania 
No Growth in the Suburbs: A New Zoning Strategy 
ELIZABETH ROISTACHER, Queens College, AND JAMES SUAREZ, Hunter College 
Local Regulation in New York City: Rent Controls and Qualitative Controls 
ROBERT INMAN, University of Pennsylvania, AND DANIEL RUBINFELD, University of Michigan 
Legal Regulations, Equity, and the Local Public Sector 
Discussants; BENNETT HARRISON, Massachusetts Institute of Technology 
Dow Martin, University of Miami 


2:00 P.M. INTERNATIONAL Economics (Contributed Paper Session) k 
Presiding: JOHN PIPPENGER, University of California-Santa Barbara : 
Papers: Jay H. Levin, Wayne State University 

Devaluation, the J-Curve, and Flexible Exchange Rates 
RACHEL McCuLiLocH, Harvard University, AND JANET L. YELLEN, Board of Governors of the 
Feceral Reserve System ; 
Technology Transfer and the National Interest 
ANDREW STERN, California State University-Long Beach 
Alternative Liability. Assignments and Economic Integration 
EDWARD JOHN Ray, Ohio State University 
Cptimal Intervention in a Dynamic Setting 





2:00 P.M. MACROECONOMICS (Contributed Paper Session) 
Presiding: DONALD BEAR, University of California-San Diego 
Papers: JOHN DaviD FERGUSON AND WILLIAM R. Hart, Miami University 
Liquidity Preference or Loanable Funds: An Empirical Analysis of Interest Rate Determination, 
ir Market Disequilibrium a 
HERBERT M. KAUFMAN, Arizona State University i 
An Extension of the “Crowding Out” Hypothesis to Federal Agency Activity 
R. F. Lucas, University of Saskatchewan 
Tariffs, Nontraded Goods and the Optimal Stabilization Policy 
Mack OTT AND ROBERT M. Spann, Virginia Polytechnic Institute and State University 
Variations on the Fisherian Theme: Uncertainty, Inflation, Corporate Financing Decisions, 
and the Term Structure of Interest Rates 


ee ie 


2:00 P.M. EVALUATION OF ENVIRONMENTAL DAMAGE (Joint Séssion with the Association of Environmental and 
Resource Economists) l 
Presiding: ALLEN V. KNEESE, University of New Mexico 
Papers: RALPH C. D’ARGE, University of Wyoming, anD Wituam D. ScuuLze, University of | 
Southern California’ 


Valuing Recreational Damages 
a 


rn rine inne nnaineie 
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Epwin S. MILLS, Princeton University 
Valuing Water Quality 
V. KERRY SMITH, Resources for the Future 
g Valuing Preservation of Unique Areas in View of Recent Natural Resources Developments 
4 Discussants: CHARLES J, CICCHETTI, University of Wisconsin 
ALAN RANDALL, University of Kentucky 
SUSAN ROSE-ACKERMAN, Yale University 
BURTON A. WEISBROD, University of Wisconsin 
RONALD G. CUMMINGS, University of New Mexico 
JOHN V. KRUTILLA, Resources for the Future 








2:00 P.M. LABORATORY EXPERIMENTAL METHODS IN POLITICAL ECONOMY (Joint Session with the Public Choice 
Society) 
Presiding: RICHARD MCKELVEY, Carnegie-Mellon University 
Papers: CHARLES R. PLOTT AND J. HONG, California Institute of Technology 
Implications of Rate Filing for Transportation on Inland Waters: An Experimental Approach 


JOHN KAGEL, Texas A&M University Re 
The Laws of Demand With Animal Consumers D a 


VERNON L. SMITH, University of Arizona 
An Unanimity Process for Private, Public and Externality Goods 
Discussants: RICHARD E. KIHLSTROM, University of Illinois 
STANLEY REITER, Northwestern University 


2:00 P.M. TRANSPORTATION RESEARCH (Joint Session with the Transportation and Public Utilities Group of 
the AEA) 

Presiding: ROBERT D. PASHEK, Pennsylvania State University 

Papers: ERNEST R. OLSON, Interstate Commerce Commission tn 
Research in Transportation Economics—The Unfulfilled Promise 

JOSEPH L. CARROLL AND KANT RAO, Pennsylvania State University 

Economics of Public Investment in Inland Navigation: Unanswered Questions 

Discussants: (To be announced) 


4:00 P.M. How Have Forecasts WORKED?* 
Presiding: LAWRENCE R. KLEN, University of Pennsylvania 
Papers: PHOEBUS DHRYMES, Columbia University 
Forecasting Performance of Selected Econometric Models Of the United States, 1971-74 
STEPHEN MCNEES, Federal Reserve Bank of Boston ‘a 
The “Rationality” of Economic Forecasts 
VINCENT Su, City University of New York 
An Error Analysis of Econometric and Non-Econometric, Breasts 
VICTOR ZARNOWITZ, University of Chicago A 
On the Accuracy and Properties of Recent Macroeconomic Forecasts 
Discussants: OTTO ECKSTEIN, Harvard University 
ARTHUR OKUN, The Brookings Institution 





8:00 P.M. PRESIDENTIAL ADDRESS 
Presiding: (To be announced) 
Speaker: LAWRENCE R. KLEIN 


9:00 P.M. BUSINESS MEETING 


Friday, December 30, 1977 


8:15 A.M. PSYCHOLOGY AND ECONOMICS* 
Presiding: DAviD M. GRETHER, California Institute of Technology 
Papers: James MORGAN, University of Michigan 
Economic Decisions: The Psychology and Economics of Uncertainty, Ignorance, and Con- 
fusion 
PAUL SLovic, Decision Research, Eugene, Oregon, AND HOWARD KUNREUTHER, University of 
Pennsylvania 
Human Behavior and Public Policy: Implications of Labofitbry and Field Research 
DAvID M. GRETHER, California Institute of Technology re 
On Some Recent Psychological Studies of Behavior Under Uncertainty 
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Discussants: GEORGE KATONA, University of Michigan 
VERNON SMITH, University of Arizona 
Amos TVERSKY, Hebrew University ee 


8:15 A.M. ECONOMICS OF EDUCATION 
Pres ding: W. Lee HANSEN, University of Wisconsin 
Papers: JAMES W. ALBRECHT, Columbia University 
Interpreting the Returns to Education 
Jenn H. Bisuop, University of Wisconsin 
Impact of Public Policy on College Attendance 
W. Lee Hansen, H. B. NEUBERGER, F. J. SCHROEDER, B. A. WeisBrop, University of Wisconsin- 
Madison, D. C. STAPLETON, University of British Columbia, anD D; J. YouncDay, Montana 
State University 
Graduate Education and the Market for Ph.D. Economists 
Discussants: STEPHEN DRESCH, Institute for Demographic and Economic Studies 
GREG J, Duncan, University of Michigan 
CHARLOTTE V. Kun, Harvard University : 


8:15 A.M. HOUSING ALLOWANCES EXPERIMENTS: EARLY FINDINGS K 
Presiding: DONNA SHALALA, Department of Housing and Urban Development | 
Papers: IRA S$. Lowry, RAND Corporation 

Early Findings of the Supply Experiment 

STEVEN KENNEDY, Abt Associates, Inc. i 
Economics of Housing Demand in the Demand Experiment 

JOHN D. HEINBERG, The Urban Institute 
Integrated Analysis of Housing Allowances: Synthesizing a Complex Research Program 

Discussants; Joun F. KAN, Harvard University _ 
KATHERINE LYALL, Department of Housing and Urban Development 
Guy Orcutt, Yale University 


i 


8:15 A.M. THE DEVELOPMENT OF ECONOMICS: THE LAsT Firty YEARS (Joint Session with the History of Eco- | 
nomis Society) 
‘Presiding: WARREN J. SAMUELS, Michigan State University 
Papers; Sik Eric RoLL, Warburg & Co., London, England 
Economics in Historical Perspective 
ROBERT HEILBRONER, New School for Social Research 
The Development of Economics: The Last Fifty Years 
Déscussants: JOHN KENNETH GALBRAITH, Harvard University 
CRAUFURD Goopwin, Duke University 
WiiuiaM O. THWEATT, Vanderbilt University 


8:15 A.M. UNEMPLOYMENT IN COMPARATIVE PERSPECTIVE (Joint Session with the Association for Comparative 
Economic Studies)* 
Presiding: FRANKLIN D, HOLZMAN, Tufts University 
Papers: MORRIS BORNSTEIN, University of Michigan 
Unemployment in Capitalist Market Economies and Socialist Planned Economies 


ROBERT HAVEMAN, University of Wisconsin aa 
Structural Factors, Aggregate Demand, and Unemployed Resources: Western Europe and the 
United States 


Henry J. BRUTON, Williams College 
Unemployment Problems and Policies in Less Developed Countries 
Discussants: JANET G, CHAPMAN, University of Pittsburgh 
NANCY SMITH BARRETT, American University 
HowarbD Pack, Swarthmore College 


8:15 A.M. MATHEMATICAL MODELS IN POLITICAL SCIENCE AND ECONOMICS (Joint Session with the Public Choice 
Society) 
Presiding: ROBERT Parks, Washington University 
Papers: Linpa COHEN, California Institute of Technology 
The Structure of Maximum Majority Rule Cycles 
KEN SHEPSLE, Washington University 
Theories of Legislative Rules 
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NORMAN SCHOFIELD, University of Texas-Austin 

Local Acyclicity Under Arbitrary Social Preference Functions 
RICHARD MCKELVEY, Carnegie-Mellon University 

Methods for Determining Optimum Majority Rule Agendas 


8:15 A.M. Economic Time SERIES (Joint Session with the Econometric Society) 
Presiding: (To be announced) 
Papers: BENOIT MANDELBROT, IBM Research Center 
Cyclic Non-Periodic Aspects of Economic Time Series 
PETER ROBINSON, Harvard University 
= Distributed Lag Approximations to Linear Time-Invariance Systems 
Discussants: (To be announced) 


| 


Qo 


"IS AM. MARKETS UNDER UNCERTAINTY (Joint Session with the Econometric Society) 
Presiding: (To be announced) 
Papers: JERRY GREEN, Harvard University 
On the Value of Information in Incomplete Market Systems 
Jim JORDAN, University of Minnesota 
Recent Developments in Expectations Equilibrium Theory 
Roy RADNER, University of California-Berkeley 
Rational Expectations with Price Information 
Discussants: (To be announced) 


8:15 A.M. DEMOGRAPHIC DETERMINANTS OF PRIVATE SAVING 
Presiding: GEORGE M. VON FURSTENBERG, Indiana University 
Papers: PAUL WACHTEL, New York University 
Will the Changing Age Structure Depress Saving? 
Tuomas E. MaCurpy, National Bureau of Economic Research, AND RopBEeRT ScHMITz, Uni- 
| versity of Chicago 
P~ Lifetime Labor Supply and Interdependence Between Human and Nonhuman Asset Accumu- 
lation 
Susan W. Burcu, Board of Governors of the Federal Reserve System 
Microeconomic Saving Determinants Revealed From Surveys of Consumer Expenditures and 
Financial Assets - 
Discussants: ALAN S. BLINDER, Princeton University 
JOHN W. GRAHAM, University of I[inois-Urbana 


ee Iama Se i P 


Presiding: RICHARD R. NELSON, Yale University 
Papers: MICHAEL T. GHISELIN, University of California-Berkeley 
The Economy of the Body 
ROBERT TRIVERS, Harvard University 
The Bio-Ecanomics of the Family 
JACK HIRSHLEIFER, University of California-Los Angeles 
r Cooperation, Conflict, and Competition in Economics and Biology 


10:30 A.M. ECONOMICS AND BIOLOGY: EVOLUTION, SELECTION, AND THE ECONOMIC PRINCIPLE* 
t 
i 


Discussants: GARY S. BECKER, University of Chicago 
RONALD H. Coase, University of Chicago 
Eric CHARNOV, University of Utah 


10:30 A.M. THE EFFECTS OF THE INCREASED LABOR FORCE PARTICIPATION OF WOMEN ON MACROECONOMIC 
Goa.s* 
Presiding: BARBARA REAGAN, Southern Methodist University 
Papers: BETH N1EMI, Rutgers University, AND CYNTHIA B. LLoyp, Barnard College 
The Effects of Economic and Demographic Change on Sex Differentials in Labor Supply 
Elasticity 
BARBARA BERGMANN AND KATHERINE SWARTZ, University of Maryland, AND CLAIR VICKERY, 
University of California-Berkeley 
Old Policies, New Policies, or No Policies for Dealing With Women’s High Unemployment 
Rates 
i R. CHRISTOPHER LINGLE, West Georgia College, AND ETHEL B. Jones, Auburn University 
k- Women’s Increasing Unemployment: A Cross-Sectional Analysis 
Discussants: BARRY R. CHuiswick, Hoover Institution 
RALPH E. Smith, The Urban Institute 
_ MARIANNE A. FERBER, University of Illinois 
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10:30 A.M. CONGRESSIONAL SUPERVISION OF MONETARY POLICY 
Presiding: KARL BRUNNER, University of Rochester ` 
Panelists: ALLAN H. MELTZER, Carnegie-Mellon University 
James PIERCE, University of California-Berkeley 
ROBERT WEINTRAUB, House Banking and Currency Committee 
PAUL VOLCKER, Federal Reserve Bank of New York 
Dyscussants: AUDIENCE 
10:30 A.M. THE ECONOMICS OF INFORMATION (Contributed Paper Session) 
Presiding: Fritz MACHLUP, Princeton University 
Pavers: W. MICHAEL Cox, Virginia Polytechnic Institute and State University 
Rational Expectations and the Monetary Approach to the Balance of Payments 
PeTer Howrtt, University of Western Ontario 
Activist Monetary Policy Under Rational Expectations 
Mack OTT, Virginja Polytechnic Institute and State University, AND STEVEN MILLSAPS, Appalees 
chian State Univergis¢: 
OCS Oil Leasing tE onsortia Formation and Bidding Behavior: An Application of the Theory 
of Risk Aversion : 
F. OWEN IRVINE, JR., Wesleyan University 
An Optimal Firm Price Adjustment Policy: The “Short-Run Inventory Based Pricing Policy” >| 
Hypothesis 






10:30 a.m. U.S. Economic Pouicy IN BLACK AFRICA AND THE CARIBBEAN (Joint Session with the National Eco- 
nomics Association) 
Presiding: VINCENT MCDONALD, Howard University 
Papers: DIANNE PAINTER, Wellesley College 
U.S. Economic Policy i in Black Africa 
F.ANSFORD PALMER; Howard University 
The U.S. Econom and Caribbean Dependence 
ALEX WiLLIAMS, University of Virginia 
External Debt and Economic Growth in Developing Countries and Implications for U.S. Eco- 
nomic Policy, with Particular Emphasis on Black Africa 
Discussants: RAWLE FARLEY, State University of New York-Brockport 
LASCELLES ANDERSON, University of Akron 
GLENN Loury, Northwestern University 


10:30 A.M. INTERNATIONAL EXCHANGE RATES AND THE MACROECONOMICS OF OPEN ECONOMIES (Joint Session 
with the American Finance Association)* 
Presiding: MARINA V $N. WHITMAN, University of Pittsburgh 
Pap2rs: JOHN BILSON, Northwestern University and International Monetary Fund 
The Current Experience With Floating: A Monetary View 
PETER KENEN, Princeton University 
New Views of Exchange Rates and Old Views of Policies 
NORMAN MILLER, University of Pittsburgh 
International Money Flows and National Money Supplies 
Discussants: RUDIGER DORNBUSCH, Massachusetts Institute of Technology 
JACOB FRENKEL, University of Chicago 
Marc Migs, Rutgers University 


10:30 A.M. SLOWCOWN IN THE GROWTH OF PRODUCTIVITY IN THE UNITED STATES (Joint Session with the Ameri- 
can Fir ance Association) 
Presiding: M. ISHAQ Napit, National Bureau of Economic Research 
Papers: JOHN W. KENDRICK, U.S. Department of Commerce 
Total Investment and Productivity Developments 
PETER K, CLARK, Council of Economic Advisers 
apital Formation and the Recent Productivity Slowdown 
M:cHAEL D, McCartuy, Wharton Econometric Forecasting 
Current Prospects for Productivity Growth 
GEORGE M. VON FURSTENBERG, Indiana University 
The Relation Between Government Debt and Capital Intensiveness in the Long Run 
Discissants: EDWARD F. DENISON, The Brookings Institution 
J, RANDOLPH Norswortny, U.S. Department of Labor 
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[0:30 A.M. DECENTRALIZATION, TAXATION, AND THE REVELATION OF PREFERENCES FOR PUBLIC DECISIONS 
E (Joint Session with the Econometric Society) ‘ 
| Presiding: ERWIN DIEWERT, University of British Columbia 
| Papers: JEAN-JACQUES LAFFONT, Harvard University 
Revelation of Preferences and Private Information 
EYTAN SHESHINSKI, Harvard University 
Optimal Taxation and Public Goods 
Discussants: KENNETH ARROW, Harvard University 
PETER DIAMOND, Massachusetts Institute of Technology 


10:30 A.M. CONTEMPORARY ISSUES IN NATURAL RESOURCE Economics (Joint Session with the American Agri- 
cultural Economics Association) 
Presiding: EMERY N. CASTLE, Resources for the Future, Inc. 
Papers: JOHN FEREJOHN AND TALBOT PaGE, California Institute of Technology 


: Intertemporal Social Choice: Long Range Decision ees 
; RICHARD Day, University of Southern California ace 
e Adaptive Economics and Natural Resource Policy 3, 


V. KERRY SMITH, Resources for the Future, Inc. 
Scarcity and Growth Revisited 
Discussants: GEORGE TOLLEY, University of Chicago 
ALLEN RANDALL, University of Kentucky 


Pditor’s Note: 
*Papers from sessions marked with an asterisk will be published in the Papers and Pro- 
-eedings issue of the Review. 


am 


ANNOUNCEMENTS 


The ninetieth annual meeting of the American Eco- 
nomic Asscciation will be held in New York City, 
December 28-3), 1977. The Employment Center will 
be open from December 27-30. 


Annual Meeting Employment Center 


The Employment Center at the 1977 annual meet- 
ings of the Allied Social Science Associations in New 
York City will begin operation on December 27, the 
day before sessions begin. Applicants and employers 
will be able to attend more sessions with a day set 
aside entirely for labor market transactions. Th.s 
service will be lozated at the Convention Empioymert 
Center in the Americana Hotel. It will be open from 
10:00 A.M. to 5:08 P.M., December 27; 9:00 a.m. to 5:00 
P.M., December 28-29; and 9:00 a.m. to 12:00 noor, 
December 30. 


Because the 1578 annual meeting comes at an early 
date in the academic year (August 29-31), the Execu- 
tive Committee ras decided to provide employment 
services at a later time. A job market will nor be 
organized for the August meeting in Chicago. The 
AEA will provide an organized market in December 
1978 or January 1979 at a site yet to be selected. Only 
one placement service will be provided during the 
academic year 1978-79, and it will be separate from 
and later than the annual meeting. 


Call for Papers for the 1978 Meetings 


Members wish ng to give papers or make sugges- 
tions for the program for the meetings to be held in 
Chicago, August 29-31, 1978, are invited to send their 
ideas to Professor Robert Solow, Department of 
Economics, Massachusetts Institute of Technology, 
Cambridge, MA C2139, Although most of the sessions 
sponsored by the American Economic Association will 
consist of invitéd papers, there will also be several 
sessions of noneconometric contributed papers. (The 
sessions of contrituted papers will not be published in 
the Papers and Proceedings issue. to appear February 
1979.) Proposals for invited sessions should be sub- 
mitted as soon as possible. To be considered for the 
contributed sessicns, abstracts of proposed (non- 
econometric) papers must be received no later than 
February 1, 1978. Economists wishing to give papers 
on econometrics ar economic theory may submit ab- 
stracts to the Econometric Society, which meets with 
the American Economic Association and annually 
schedules a substantial number of contributions. 


The Law and Economics Center of the University of 
Miami Schoo! of Law is accepting applications to the 
John M. Olin Fellowship Program in Law and Eco- 
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nomics for the class entering in September 1978. The 
three-year program, designed for highly motivated in- 
dividuals with a strong fọundation in graduate micro- 
economics and its application, leads to the Juris 
Doctor degree and prepares Fellows for scholarly re- 
search, teaching, legal practice, or government work 
in the various fields of Law and Economics. Fellows 
who have passed the preliminary examinations for the 
Ph.D. in economics are encouraged to complete the 
dissertation during their residence in Miami. Fellows 
have the option to complete the program in two and- 
half years by attending summer school. 

Five fellowships of approximately $30,000 each 
(roughly $10,000 per year including tuition and fees) 
are available each year. Deadline for submitting appli- 
cations is February 15, 1978. Awards will be an- 
nounced by April 1, 1978. Candidates must apply 
separately to the School of Law, and should plan to 
take the Law School Admissions Test in December, 
1977 or no later than February 1978. Individuals 
interested in more detailed information should write 
to the Coordinators, John M. Olin Fellowship Pro- 
gram, Law and Economics Center, University © 
Miami School of Law, P.O. Box 248000, Coral Gables, 
Florida 33124. 

pee 

Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be participating in meetings 
abroad that are concerned with the humanistic aspects 
of their discipline are eligible to apply for small travel 
grants of the American Council of Learned Societies. 
Grants are likely to cover only lowest cost excursion 
fares and will rarely exceed 50 percent of full economy- 
class fares. Specifically, economists may be eligible i 
(a) they deal with the history of economic thought or 
economic history, and (b) if their approach is qualita- 
tive and descriptive rather than quantitative and sta- 
tistical. Conferences dealing with the establishment of 
social policy or legislation are ineligible. The deadline 
for applications to be received in the office of the 
American Economic Association are: meetings Jared 
uled between July and October, March 1; for meeting 
scheduled between November and February, July 1; 
for meétings scheduled between March and June, 
November 1. Application forms may be obtained from 
C, Elton Hinshaw, Secretary, American Economic 
Association, 1313 21st Avenue South, Nashville, 
Tennessee 37212. 


The U.S. Information Agency ( USIA) has in recent 
years encouraged economists to meet with, or speak 
to, groups of economists when traveling abroad. The 
general subject areas in which American “voluntee: 
speakers” have been encouraged to give talks or para 
ticipate in symposia in all regions of the world include: 
international cooperation in management of the inter- 
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national economy; international economic coopera- 
ion—relations between the industrialized and de- 
veloping countries; American direct investment abroad 
and the multinational corporation; international trade; 
international finance and the international monetary 
system; and topics or subtopics with a somewhat lower 
priority, East-West economic relations; trade prefer- 
‘ences for less developed countries; and commodities. 
Topics centering on the United States which are 
given a priority are the American economic system and 
U.S. energy policies—domestic and international. The 
| USIA is particularly interested in learning when 
| American economists are traveling abroad who are 
| knowledgeable in these areas of interest, and are also 
| involved in research on the economies of other coun- 
tries or regions, perhaps including those which are to 
pyevisited, Of special interest to USIA, also, is whether 
economists with such expertise are able to lecture and 
converse in one or more of the languages spoken in 
: countries to be visited. 

USIA is also desirous of expanding its programming 
with economists whose research and writings span the 
lines between economics and the behavioral sciences. 
Economists with such area, research, and/or language 
competence, who are interested in participating in 
USIA’s economic programs abroad or learning more 
about US/A’s programs relating to economic subjects, 
are invited to write ICS/DE, U.S. Information 
Agency, Room 615, 1717 H St., N.W., Washington, 
D.C. 20547. 































The P.W.S. Andrews Memorial Prize is awarded 
annually for an essay by a young scholar (under the 
age of 30 or within 8 years of taking his first degree) in 
the general field of Industrial Economics and the 
Theory of the Firm, broadly interpreted. The prize is 
£150 (or the equivalent in other currency) and the 
winning essay will normally be published in The Jour- 
nal of Industrial Economics. An essay submitted should 
be a work of original research by the candidate only, 
not previously published and not previously awarded 
any other prize. It should be submitted in English and 
should not normally exceed 10,000 words in length. 
The closing date for entries is 31 December in each 
year. Intending candidates for the prize should obtain 
-details of the conditions of entry from the Administra- 
tive Officer, Office for Student and College Affairs, 
University House, University of Lancaster, Lancaster, 
LAI 4YW, England. 


Invest-in-America announces that it is receiving 
requests for grants to support Institutes on the Ameri- 
can Economy and on the Economics of Consumerism 
for the summer of 1978. These institutes run for three 
to six weeks depending on the number of credits that 
are to be granted by the host college or university. 
They are intended for teachers in the precollege school 
system. Invest-in-America will make a cash grant to 
the host school as well as provide it with several 
eakers at no charge. Requirements for the awarding 
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ofa grant include: ability of the host school to attract 
about forty teachers to the program, cooperation of 
the schools or departments of education and eco- 
nomics, and handling administrative details. Those 
interested in applying for such grants should com- 
municate with Dr, Reuben E. Slesinger, Professor of 
Economics, 313 Mervis Hall, University of Pittsburgh, 
Pittsburgh, PA 15260. Grants will be announced 
around January 1978. 


National Humanities Center Fellowships 


The National Humanities Center will accept twenty- 
five Fellows for the academic year 1978-79. Fellow- 
ships will be available for |) Senior Scholars who have 
attained distinction in their fields; 2) Young Scholars 
of promise who have received their Ph.D.’s in the last 
six to ten years; and 3) Scholars of all ages whose 
proposed projects are connected with the topics, Man 
and Nature, History and the History of Ideas, or The 
Foundations of the American Polity. The Center will 
provide full support to some Fellows at the level of 
their normal academic salaries and encourages applica- 
tion for residence from Fellows who have full or 
partial support from other sources, The National Hu- 
manities Center admits Fellows of any race, color, or 
national or ethnic origin. The deadline for applications 
is December 1, 1977. Further information and appli- 
cations may be obtained from: The National Hu- 
manities Center; P.O. Box 12256; Research Triangle 
Park, NC 27709. 


The Division of Social Sciences of the National 
Science Foundation announces a Law and Social 
Sciences Program to support basic social science re- 
search on the operation, impact, and use and change 
of legal and law-like systems of social control. The 
current priority areas are: 1) The capacity and limita- 
tions of law in affecting the behavior of individuals 
and organizations, the conditions that enhance or di- 
minish the impact of law, and the processes by which 
this impact is achieved or undermined. 2) The per- 
sonal, cultural, and social factors that affect the use of 
law and law-like systems in dispute settlement, in- 
cluding factors that limit access to or knowledge about 
the relevant legal processes. 3) The operation of in- 
formal systems, including negotiation and arbitration, 
for processing legally relevant disputes. 4) The causes 
and processes of change in legal systems. Research 
that promises to explore methods of potentially wide 
utility in the social scientific study of law through 
the development of new techniques or the application 
of existing techniques in innovative ways will be given 
priority in the competition for funding. For further 
information, write: Program Director, Law and Social 
Sciences Program; Division of Social Sciences, Na- 
tional Science Foundation, Washington, D.C. 20550. 
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The Universities-National Bureau Committee for 
Economic Reseerch invites applications for member- 
ship by interested universities. The Committee holds a 
meeting once a vear on a topic selected by the mem- 
bers. The conference proceedings which now include 
thirty volumes have been published as a series by the 
National Bureau of Economic Research since 1949. 
Universities interested in membership should apply to 
the Chairman of the Committee: Professor Edwin S. 
Mills, Department of Economics, Princeton Uni- 
versity, Princetcn, NJ 08540. The criterion for ac- 
ceptance of a university as a member of the Committee 
is the extent and quality of economic research carried 
on at the univers ty. 


The fifth Annual History of Economics Conference 
will be held at the University of Toronto, May 25-27, 
1978, Persons wishing to present papers are invited to 
submit abstracts (2 ccpies) together with separate 
sheets containing: Author’s name, address, profes- 
sional affiliation, position, and telephone number; title 
of paper; whether or not the author is a member of the 
Society. These arz to be received no later than October 
1, 1977. All communications to be sent to Crauford D. 
Goodwin, Department of Economics, Duke Univer- 
sity, Durham, NC 27706. 


The meeting of the Gesellschaft für Wirtschafts und 
Sozialwissenschaiten (Verein fiir Socialpolitik) will be 
held September 25-27, 1978 in Hamburg. The theme 
will be “The State and the Economy.” A program 
committee, Professors P. Eichhorn (Speyer), G. Gäf- 
gen (Konstanz), C. Seid] (Graz), and C. C. v. Weiz- 
sicker (Bonn), will select the papers to be presented. 
Applicants are to send their proposals for papers to 
the chairman: Professor Dr. C, C. v. Weizsäcker, De- 
partment of Economics, University of Bonn, Aden- 
auerallee 24, D-5200 Bonn. 





Deaths 


Ira B. Cross, Menlo Park, California, Mar. 24, 1977. 

John A. Delehanty, associate professor, department 
of economics, Kansas State University, Apr. 4, 1977. 

Harry G. Johnson, University of Chicago and Lon- 
don School of Eccnomics, May 9, 1977. 

Egon Sohmen, professor of economics, University 
of Heidelberg, Mar. 8, 1977, 


Retirements 


Raymond J. Dol, senior vice president and director 
of research, Federal Reserve Bank of Kansas City, 
Feb. 28, 1977. 


Visiting Foreign Scholars 


Jack Johnston, University of Manchester, England: 


' visiting professor, Emory University, Sept. 1, 1977. 


SEPTEMBER 1977 


Promotions 

Tridib Kumar Biswas: senior economist, Ministry of 
Transportation and Communications, Toronto, May* 
2: T977: 

Harvey Botwin: professor of economics, Pitzer Col- 
lege-Associated Colleges at Claremont, Sept. 1977. 

Leon E. Danielson: associate professor of economics 
and business, North Carolina State University, July 1, 
1977. 

Thomas E. Davis: senior vice president and director 
of research, Federal Reserve Bank of Kansas City, 


_ Mar. 1, 1977. 


Edward J. Frydl: chief, Balance of Payments Divi- 
sion, Federal Reserve Bank of New York, Feb. 17,- 
1977. | 

David E. R. Gay: associate professor of economies 
University of Arkansas, July 1977. 

Henry A. Gemery: professor of economics, Colby 
College. 

Edgar Walton Jones: professor of economics and 
business, North Carolina State University, July 1, 
1977. 

Thomas R. McKinnon: associate professor of eco- 
nomics, University of Arkansas, July 1977. 

James W. Meehan, Jr.: associate professor of eco- 
nomics, Colby College. 
` Lloyd D. Orr: professor of economics, Indiana Uni- 
versity, July 1, 1977. 

James R. Peeler, Jr.: professor of economics and 
business, North Carolina State University, July 1, 
1977. 

Richard K. Perrin: professor of economics and busi- | 
ness, North Carolina State University, July 1, 1977. 

Rutbert D. Reisch: chief, Industrial Economies 
Division, Federal Reserve Bank of New York, 
Mar. 31, 1977. 

Charles R. Roll: economist, economics department, 
The Rand Corporation, Feb. 1977. 

Richard E. Sylla, professor of economics and busi- 
ness, North Carolina State University, July 1, 1977. 





Administrative A ppoiniments | 


Ryan C. Amacher: chairman, department of eco- 
nomics, Arizona State University, Aug. 1977. 

Martin S. Feldstein: president, National Bureau 
of Economic Research, Apr. 22, 1977. 

William F. Ford: senior vice president and chief, 
economist, Wells Fargo Bank, San Francisco, Mar. 
1977. l 

A. Ray Grimes, Jr.: chief, Regional Economic 
Analysis Division, Bureau of Economic Analysis, U.S. 
Department of Commerce, Mar. 28, 1977. 

W. Whitney Hicks: chairman, department of eco- 
nomics, University of Missouri-Columbia, Jan. 1, 
1977. 

Martin T. Katzman, Harvard University: head and 
professor, program in political economy, University of 
Texas-Dallas, Sept. 1, 1977. 

Charles E. McLure, Jr.: executive director for re- 
search, National Bureau of Economic Research, 
Apr. 22, 1977. 

Gerard E. Nistal, Southeastern Louisiana Univer 
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ity: chairman, division of business and economics, 
pur Lady of Holy Cross College, Jan. 1977. 
James J. O'Leary: chairman, National Bureau of 
onomic Research, Apr. 22, 1977. 


New Appointments 


Steven L. Balch: assistant economist, economics de- 
bhartment, The Rand Corporation, Jan. 1977. 

Stephen P. A. Brown: assistant professor, depart- 

ent of economics, Arizona State University, Aug. 
977. 

Winston Chow: associate statistician, economics de- 
artment, The Rand Corporation, Oct. 1976. 

Hope Corman: instructor, department of economics, 
Rutgers-The State University, July 1, 1977. 

George C. Eads, National Commission on Supplies 
rid Shortages: senior economist, economics depart- 
ment, The Rand Corporation, May 1977. 

Evelyn Fallek: economist, Banking Studies Division, 
ederai Reserve Bank of New York, Aug. 3, 1976. 

Benjamin M. Friedman: research associate, Na- 
ional Bureau of Economic Research. 

Carl M. Gambs: financial economist, Federal Re- 
erve Bank of Kansas City, Aug. 1976. 

Nancy A. Garvey: instructor, department of eco- 
romics, Rutgers-The State University, July 1, 1977. 

Malcolm Getz: research associate, National Bureau 
bof Economic Research, June 1977. 

Gary A. Gigliotti: instructor, department of eco- 
somics, Rutgers-The State University, July 1, 1977. 

Thomas K. Glennan, Jr., National Academy of 
ciences/National Research Council: senior econ- 
mist, The Rand Corporation, Washington, D.C., 
sept. 1976. i 

Wiliam W. Gould: research associate, National 
Bureau of Economic Research, Sept. 1977. 

John D. Hanson: assistant professor, department of 
conomics, North Carolina State University, Apr. 1, 
977. 

Bryon M. Higgins: financial economist, Federal Re- 
erve Bank of Kansas City, Oct. 1976. 

Michael D. Hurd: visiting research fellow, National 
Bureau of Economic Research, Sept. 1977. 

Bruce Kaufman, University of Wisconsin: assistant 
professor of economics, Georgia State University, 
ept. 1977. 

Michael Kennedy, University of Texas-Austin: 

sociate economist, The Rand Corporation, June 
977. 

Lawrence W. Kenny: visiting scholar, National 
Bureau of Economic Research, Sept. 1977. 

Elsie M. Knoer: assistant professor, department of 
conomics, Arizona State University, Aug. 1977. 

C. Timothy Koeller: instructor, department of eco- 
homics, Rutgers-The State University, July 1, 1977. 

Walter C. Labys: research associate, National 
Bureau of Economic Research. 

Lee Lillard, National Bureau of Economic Re- 
earch: economist, economics department, The Rand 
orporation, Sept. 1977. 

Barbara R. McIntosh: instructor, department of 
konomics, Rutgers-The State University, July 1, 1977. 
Lee R, McPheters, Florida Atlantic University: 
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associate professor, department of economics, Arizona 
State University, Aug. 1977. 

Jorge Martinez, Washington University: assistant 
professor of economics, Georgia State University, 
Sept. 1977. 

Mathew J. Morey: assistant professor, department 
of economics, Arizona State University, Aug. 1977. 

Winford C. Naylor, The Brookings Institution: 
assistant professor of economics, Pitzer College- 
Associated Colleges at Claremont, Sept. 1977. 

Mieko Nishimizu: visiting research fellow, National 
Bureau of Economic Research, Sept. 1977. 

Edgar Ortiz: instructor, department of economics, 
Rutgers-The State University, July 1, 1977. 

James L. Pierce: research associate, National Bureau 
of Economic Research. 

Maury R. Randall: assistant professor, department 
of economics, Rutgers-The State University, July 1, 
1977, 

Jeffrey S. Royer: assistant professor, department of 
economics and business, North Carolina State Uni- 
versity, July 1, 1977. . 

Daniel A. Seiver: visiting research fellow, National 
Bureau of Economic Research, Sept. 1977. 

Richard H. Thaler: research associate, National 
Bureau of Economic Research. 

Thomas Tietenberg: associate professor, depart- 
ment of economics, Colby College. 

Richard B. Victor, University of Michigan: asso- 
ciate economist, The Rand Corporation, Washington, 
D.C., Apr. 1977. 

Gary F. Vocke: assistant professor, department of 
economics and business, North Carolina State Univer- 
sity, July 1, 1977. 

Wayne Vroman: research associate, National Bu- 
reau of Economic Research, Apr. 22, 1977. 

Steven Weisbrod: economist, Banking Studies Divi- 
sion, Federal Reserve Bank of New York, Aug. 17, 
1977. 

Michael K. Wohlgenant: assistant professor, depart- 
ment of economics and business, North Carolina State 
University, July 1, 1977. 


Leaves for Special Appointments 


Todd Sandler, University of Wyoming: NATO fel- 
low, Institute of Social and Economic Research, Uni- 
versity of York, England, June 1, 1977-May 31, 1978. 

Daniel A. Seiver, ISER, University of Alaska: Na- 
tional Bureau of Economic Research faculty research 
fellow, Cambridge, Mass., 1977-78. 

Simon Teitel, Catholic University of America: advi- 
sor, department of economics and social development, 
Inter-American Development Bank. 


Resignations 


Dana N. Stevens, Georgia State University: New 
College, University of Southern Florida, Sept., 1977. 


. Miscellaneous 
H. Michael Mann, Boston College: Managing Edi- 
tor/USA, Journal of Industrial Economics, May 15, 
1977. 
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NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


. ` agyra 
When sending information to the Review for inclusion in the Notes Section, please use the following style: 
A. Please us the following categories: 
1— Deaths 6—New Appointments 
2— Retirements 7— Leaves for Special Appointments (NOT Sabbaticals 
3—Foreign Scholars (visiting the USA or Canada) 8—Resignations 
4—Promotions 9—Miscellaneous 


35—Administrative Appointments 


B. Please give the name of the individual (SMITH, John W.), his present place of employment or enrollment 
his new title (if any), and the date at which the change will occur. 


C. Type eacr item on a separte 3x5 card and please do not send public relations releases. 


D. The closing dates for each issue are as follows: March, November |; June, February 1; September, May |] 
December, August 1. my 


This announzement supersedes and replaces a letter which was sent annually from the managing editor’s office 
All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown Uni 
versity, Providence, Rhode Island 02912. 
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Jos Openines For Economists 


Available- only to AEA members and institutions that agree to list their openings. 
Annual Subscription Rates 


U.S.A., E and Mexico (fi rst class): $12.00, regular AEA members and institutions 
$ 6.00, junior members of AEA 

All other countries (air mail): $18.00, regular AEA members and institutions 
$12.00, junior members of AEA 

Please begin my issues with: | 

l 


C] February C] April [C] June C] August [] October C] December 
Name 


First Middle Last 
Address 


City State/Country Zip/PostalCode 


Check one: 


[] E am a member of the American Economic Association. 
[] | would like to become a member. My application and payment are enclosed. 
C] (Fer institutions) We agree to list our vacancies in JOE. 


Send payrrent (U.S. currency only) to: 
THE AMERICAN ECONOMIC ASSOCIATION 
1313 21st Avenue South 
Nashville, Tennessee 37212 





r Wiley Business Books | 
- are good for the economy... 


Because they make understanding it so much easier! 
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INTRODUCTORY STATISTICS MONEY AND BANKING 

FOR BUSINESS AND ECONOMICS, Donald T. Savage, the University of 

2nd Ed. Maine, Orono 

T.H. Wonnacott & R.J. Wonnacott, both Designed to give a thorough understanding of 

of the University of Western Ontario American and international monetary/ finan- 
w- The Wonnacotts are back with a second edi- cial policies and institutions, Savage’s book 


tion specifically designed for business and eco- explores four key areas: financial institutions, 
nomics students. Mathematically simple and monetary theory and policy, international mon- 


oriented to applications, it gives your students etary theory and policy, and credit allocation. 
a more enriched, broader perspective. Consid- MONEY AND BANKING offers an extensive 


i 
| er the following: discussion of monetarism as well as up-to-date 
| - New material is introduced through detailed coverage of the financial system and its regula- 
examples and Monte Carlo illustrations, tion, with important attention given to electron- 
rather than abstract theory ic funds transfer systems. 
e Includes special topics for business and social (0 471 75519-2) 1977 
science courses, such as time series and 491 pp. $14.95 


l index numbers 
iE °A highly flexible framework allows you to MACROECONOMICS 
| choose any combination of chapters needed Models and Policy 


| to suit your courses. Yiannis P. Venieris & Frederick D. 

pe (0471 95980-4) 1977 Sebold, both of San Diego State University 

| 753 pp- $15.95 This book develops the basic macroeconomic 

; models and derives implications for the for- 
MONEY AND BANKING, 3rd Ed. mulation of stabilization policies. It uses graph- 
An Introduction to Analysis ical, algebraic, and verbal means of represent- 
and Policy ing alternative economic models in a 
John G. Ranlett, California State framework that is vigorous yet understandable. 


SEE This approach allows your students to general- 
University, Sacramento i . ize, extending their analysis to subjects not spe- 
Completely revised and updated, the third edi- cifically covered in the material. Includes an 
tion retains the enthusiastically received inte- in-depth examination of aggregate supply- 
grated treatment of institutions, theory, and aggregate demand. 

policy. Ranlett takes a complete look at the (0 471 90560-7) 1977 

money supply process, with special focus on 655 pp. $13.95 

the interactions between public, commerical, 


i and central banks. This edition offers a more To be considered for complimentary examina- 
balanced treatment of the Keynesian and mon- tion copies, write to George Thomsen, Dept. 





etarist positions, contributions, and policy 8205. Please include course name, enrollment, 
implications, plus an updated discussion of and title of present text. 
international monetary problems. 
(0 471 70815-1) 1977 WILEY /HAMILTON 
614 pp. $14.95 The College Business and 
Economics Group 
of John Wiley & Sons, Inc. 
1129 State Street 






Prices subject to change without notice. A-8205-21 Santa Barbara, California 93101 
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THE ECONOMIC AND POLITICAL IMPACT 
OF GENERAL REVENUE SHARING, edited by F. Thomas Juster 


Here is the nation’s first comprehensive evaluation of the General Revenue Sharing 
program. It answers the questions: Did the program have the expected impacts? How 
would budgets have differed in the absence of revenue sharing money? What services and 
population groups most benefitted from revenue sharing? What are the administrative 
problems inherent in the program? Did the program reduce or stabilize state and local 
taxes? Should the revenue sharing program be extended and on what terms? LC 76- 
620084. ISBN 0-87944-21 7-4, clothbound $13.00. 


SURVEYS OF CONSUMERS, 1974-75: 
Contributions to Behavioral Economics, edited by Richard T. Curtin 


This volume presents a detailed and integrated discussion of findings from the Survey 
Research Center’s widely acclaimed quarterly Surveys of Consumer Attitudes for the 
period from late 1973 through the third quarter of 1975. 


it also includes discussions of the psychology of inflation; the factors that cause families 
to fall below or rise above the poverty level; the difficulties of elderly disabled Americans 
in securing suitable housing; the findings from the first comprehensive study of the 
impact o7 the Federal Revenue Sharing program; market-based rules of reward distribu- 
tion for work and workers’ perceptions of income equity; ways of providing improved 
empirical research on market performance; and a proposed program of research on 
Americans’ interest in and use of facilities for outdoor winter recreation. LC 72-619778. 
ISBN 0-8 7944-209-3, clothbound $14,00, 


FIVE THOUSAND AMERICAN FAMILIES— 


PATTERNS OF ECONOMIC PROGRESS: Vol. V, 
edited by Greg J. Duncan and James N. Morgan 


This volume examines the changes in family economic well-being by looking at changes 
in family composition, labor force participation, and wages and work hours of family 
members. Other analyses relate income to macroeconomic conditions and life cycles, 
examine participation in the food stamp program, and investigate decisions about fertility 
and labor force participation. /SBN 0-87944-211-5, paperbound $7.50; ISBN 0-8 7944- 


21 2-3, clothbound $12.50. 
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NEW FROM HOOVER INSTITUTION PRESS 
Stanford University, Stanford, California 94305 


SOCIAL SECURITY 
Promise and Reality 
P179-368 pp-$14.95 cloth Rita Ricardo Campbell 


THE POLITICAL ECONOMY OF THE OIL IMPORT QUOTA 
P172-96 pp-$8.95.cloth Yoram Barzel 
Christopher D. Hall 


TECHNOLOGY AND CIVILITY 
The Skill Revolution in Politics 
P167-111 pp-$4.95 paper Heinz Eulau 


JAPAN’S SEARCH FOR OIL 
A Case Study in Economic Nationalism and International Security 
P165-116 pp-$4.95 paper Yuan-li Wu 


the american economist 


Published semi-annually by Omicron Delta Epsilon, Honor Society in Economics. 
Members receive the journal for one year free and thereafter are charged $3 for one 
year and $8 for 3 years. Non-member rates: | year $5; 3 years $14.00. Library and 
Institutional rates: | year $6; 3 years $15. 


EDITGRIAL BOARD C. Lowell Harriss James G. March 
Harry G. Johnson Robert Solow 

Evsey D. Domar Abba P. Lerner Gerhard Tintner 

Victor R. Fuchs Edwin Mansfield Carl G. Uhr 


Selected Articles: Thornstein Veblen as an Economic Theorist, Kenneth Arrow; 
Monetary Trends in the United States and United Kingdom, Milton Friedman; 
Grants Economics, Kenneth Boulding, Martin Pfaff and Janos Horvath; A Skepti- 
cal View of Radical Economics, Martin Bronfenbrenner; A New Approach to the 
Theory of Consumer Behavior, Tibor Scttovsky; Methodological Aspects of Fore- 
casting Long Term Socioeconomic Development, Nicolai Fedorenko,; Paradigm 
Polishing Versus Critical Thought in Economics, Stephen Rousseas; An Empirical 
Test of the Benefits for International Investment, Sheldon Novack; The Bluejeans 
Effect, Jeffrey A. Frankel; How to Fabricate an Article, Alice Vandermeulen; The 
Diet Problem Revisited, Laurie J. Bassi; Industrial Concentration and Market Price 
Variance, Lawrence A. Toenjes Plus book reviews, notes and readings 


Address subscriptions to Dr. Willlam Gunther, University of Alabama, University, Ala. 35486 


Manuscripts may be directed to Dr. Michael Szenberg, Editor-in-Chief, Long Island University, 
Brooklyn, N.Y. 11201. 
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PRICES AND CHOICES: Microeconomic Vignettes 
David Hemenway, Harvard University 


Prices and Choices is a collection of 18 short, readable essays on some generally 
neglected topics in economics. Aimed primarily at students past the introductory level 
(and useful reading for laymen and economics professors as well), the book is specifi- 
cally designed to provide supplementary readings and examples of intermediate price 
theory. A useful guide to the limitations as well as the applications of economic theory, 
these essays collectively illustrate economic concepts and tools of analysis well within 


the g-asp of undergraduates. 


They are relevant and intrinsically interesting—and nearly all of the topics covered 
are ones about which students have some general experience and ideas. Questions at the 
end of each article supply fuel for discussion and thought; related readings sources are 


included. 


MARKETS, PLANNING AND 
DEVELOPMENT 


The Private and Public Sectors 

Yari Aharoni, Tel Aviv University 

Roles of the private and public sectors in 
closing the economic gap between developed 
and less developed nations of the world: condi- 
tions within this context conducive to eco- 
nomic growth: variables which influence the 
behavicr of each sector in different nations. 

in preparation ca. $20.00 


CAPITAL MARKETS AND THE 
HOUSING SECTOR 


Perspectives on Financial Reform 

Edited 5y Robert M. Buckley, John A. Tucciito 
and Kevin E. Villani, Department of Housing 
and Urban Development 

The prcbable impact of various financial reform 
proposels on the housing sector; analysis of 
alternative programs which might achieve finan- 
cial stébilization in housing; effects of the 
Financial Institutions Act of 1975 on the 
housing finance system, 

In preparation ca. $18.50 


PROBLEMS OF WORLD MODELLING 


Political and Social Implications 

Karl W Deutsch, Harvard University, Bruno 
Fritsch, Swiss Federal Institute of Technology, 
Helio Jeguaribe, University of Candido Mendes, 
and Andrei S. Markovits, Harvard University, 
Editors 

Focusing on major trends in world economics, 
politics and ecology, these papers offer con- 
crete suggestions for planning and developing 
effective world models. $17.50 


MEDICINE AND MONEY 


Physicians as Businessmen 

Joseph taDou, M.D., Peninsula industrial Medi- 
cal Center and James D. Likins, Pomona College 
A physisian and an economist propose legisla- 
tion which would allow the corporate practice 
of medicine, arguing that it can salve major 
problems of health care delivery in the United 
States. $15.00 


Paper Text Edition $6.95 


SOFT ENERGY PATHS 


Toward a Durable Peace 
Amory B. Lovins, Friends of the Earth, inc. 
{Published for Friends of the Earth, inc.) 
Based on his 1976 article in Foreign Affairs— 
which Energy Daily called “a seminal chapter in 
the history of energy policy" —Mr. Lovins pro- 
poses a coherent non-nuclear energy policy. 
This book, for the first time, ties all the issues 
together-engineering, economic; and thermo- 
dynamic concepts are thoroughly but concisely 
treated along with the social, environmental, 
and political perspectives. $15.00 (cloth) 
$6.95 (paper) 


HORIZONTAL DIVESTITURE AND 
THE PETROLEUM INDUSTRY 


Jesse W. Markham, Graduate School of Business 
Administration, Harvard University, Anthony 
P. Hourihan, Harvard University, and Francis L. 
Sterling, Management Analysis Center, Ine. 
An evaluation of the major effects of currently 
proposed horizontal divestiture legislation on 
the energy industry and the nation as a whole. 
$17.50 


CONSUMER INFORMATION SYSTEMS 
AND CONSUMER POLICY 


Hans and Sarah Thorelli, Indiana University 

A counterpart volume to an earlier Ballinger 
publication The Information Seekers, this book 
deals with existing and future systems for the 
delivery of consumer information. The authors’ 
comprehensive overview of the entire consumer 
policy area is followed by an analysis of con- 
sumer information systems and a discussion of 
the international transfer of consumer informa- 


tion experience and technology. $15.00 
INCOME SUPPORT POLICIES FOR 
THE AGING 


George S. Tolley and Richard V. Burkhauser, 
The University of Chicago, Editors 

Prominent economists and health policy ex- 
perts review current issues and policy directions 
in the controversy over guaranteed incomes for 
the aging. $16.50 
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Ballinger is pleased to announce it will publish a series of 


studies for the National Bureau of Economic Research. Information 
on several of the forthcoming titles is given below. 


SUBSTITUTING A VALUE-ADDED TAX FOR THE CORPORATE 
INCOME TAX: First-Round Analysis 

Stephen P. Dresch, An-loh Lin and David Stout 

{Published for the National Bureau of Economic Research, Inc.) 

This study identifies the mechanisms by which the effects of substituting a value added 
tax would be transmitted through the economy. The authors indicate the relative magni- 
tude of the various short-term disequilibria which would result, responses to which 
would ultimately constitute the long-term effects of such a change in tax structure. 


4 They predict the initial impacts of the tax change (and of resultant first-round changes 
z in prices, profits, and terms of trade) on income distribution, investment demand, 
import and export demand, and balance of payments. The degree of initial disequi- 
librium and disruption at the micro (e.g. industry) level is also indicated. $16.50 


MONEY, FINANCIAL FLOWS & 


CREDIT IN THE SOVIET UNION 

George Garvy 

(Published for the National Bureau of Eco- 
nomic Research, Inc.) 

The first monograph in English on this subject, 
Mr. Garvy’s book covers the origins and evolu- 
tion of the Soviet banking system; the role of 
money and banking in the centrally directed 
economy; the nature of payments and financial 
flows; the structure of credit; foreign trade and 
exchange; stabilization policies and price devel- 
opments and the significance of the economic 
reforms of 1965. Price to be announced. 


Since its creation in 1920, the National Bureau 
of Economic Research—an independent, non- 
partisan, and nonprofit research organization- 
has become known throughout the world for its 
application of quantitative econamic analysis to 
basic problems of national and international 
importance. 


By gathering and analyzing data on issues of 
public concern, developing better facts, and 
presenting this material in an impartial manner, 
the National Bureau has made significant con- 
tributions toward a better understanding of 
economic relationships and the development, 
management, and evaluation of economic 
policy. 


Other titles to be published by. Ballinger far the 
National Bureau of Economic Research, inc. 


RESIDENTIAL LOCATION AND URBAN 
HOUSING MARKETS 

Edited by Gregory K. Ingram, Harvard Uni- 
versity 

ISBN 0-88410-479-6 Price to be announced. 


ALTERNATIVES FOR GROWTH: 

URBAN DEVELOPMENT 

Edited by John E. Jackson, Joint Center for 
Urban Studies af MIT and Harvard University. 
ISBN 0-88410-482-6 Price to be announced. 


EDUCATION AS AN INDUSTRY 
Edited by Dean Jamison, The World Bank 
ISBN 0-88410-476-1 Price to be announced, 


DISTRIBUTION OF ECONOMIC 
WELL-BEING, 
Edited by F. Thomas Juster, institute for Social 


Research, University of Michigan 
ISBN 0-88410-478-8 Price to be announced. 
{Two Volumes} 


ALTERNATIVES FOR GROWTH: THE 
ENGINEERING AND ECONOMICS OF 
NATURAL RESOURCE DEVELOPMENT 
Edited by John R. Meyer, Harvard Business 
School 

ISBN 0-88410-480-X Price to be announced. 


CONFERENCE ON COMMODITY MODELS 
IN LATIN AMERICA 

Edited by M. Ishaq Nadiri, New York Uni- 
versity 

ISBN 0-88410-48r-8 Price to be announced. 


CONFERENCE ON PRICE BEHAVIOR 
Edited by Joel Popkin, National Bureau of Eco- 
nomic Research, inc.—Washington 

ISBN 0-88410-477-X = Price to be announced. 





PUBLISHING COMPANY 


BHO HOD & 


17 Dunster Street $ Harvard Square, Cambridge, Mass. 02138 
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YOU 


When you demand, we supply—it’s a rule of 
economics that we have been following for 
years, giving us the reputation in other 
disciplines for producing high-quality basic 
texts. It was only a matter of time before we 
used the rule to produce a principles of 
economics text for you and your students. 


YOU DEMAND 


®© Flexibility—the choice of teaching 
a full curriculum using one text, or a split 
curriculum using a macro or micro text 


@ Balanced presentation of standard 
topics—alco two high-interest chapters on 
power, weaith, politics, and other financial 
intermediaries 


© Readability—clear, lively, conversa- 
tional style, substantiated by reviewers across 
the country 


®© Appealing Format— special features 
highlighted in a second color and juxtaposed 
with theory 


© “Extended Examples” — illustrating 
concepts witn real-life economic problems and 
issues 


© “Viewpoints” —normative statements on 
provocative economic issues 


@ “Economic Thinkers” —sections ex- 
panding on the views of prominent economists 


@ Study Aids—numerous real-life ex- 
amples; outline, summary, and review ques- 
tions for each chapter; glossaries within the text 


For further information write 
Jennifer Toms, Department SA 
1900 East Lake Avenue 
Glenview, Illinois 60025 





DEMAND SUPPLY 


We supply you with not just one text, but a 
complete introductory economics package that 
meets all your demands. 


By Roger Chisholm, Memphis State University 
and Marilu McCarty, Georgia Institute of 
Technology 
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ECONOMICS 


January 1978, approx. 736 pages, illustrated, 
hardbound, approx. $12.95 


Principles of Macroeconomics and 
Principles of Microeconomics are 
available. Instructors Manual with test bank 
and two Study Guides complete the package. 


Jor 


Scott, Foresman College Division 
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Important Penguins 
in Economics 


Self-Management: 
Economic Liberation of Man 
Edited and introduced by Jaroslav Vanek 
A distinguished collection of twenty-eight readings 
exploring the doctrine of labor management historically, from 
the 1930s to the present: actual cases of self-management: 
performance of self-managed firms in comparison with other 
systems of production; developments in the formal economic 
theory of self-management and proposed changesin’ 
traditional economic theories. 
479pages 0-14-080878-7 $5.95 
Economics and the Environment 
Allen V. Kneese 
A thorough examination of the relationship between economic 
growth and the deterioration of the environment and the role of the 
free market in causing environmental problems; an analysis of 
proposed means for correcting these problems: and the application 
of the cost-benefit model to selected environmental issues. 
285 pages 0-14-080802-3 $3.50 
John Maynard Keynes 
D. E. Moggridge 
Inthe Penguin Modern Masters Series. 
Edited by Frank Kermode 
An interesting and lucid re-evaluation of Keynes and his 
achievements, expicring his in-ellectual origins and characteristic 
modes of thought, his ideas and his beliefs. The author provides 
important insights into the man and his work, his approach : 
to the problems of his age and his influence on our own. > 
190 pages 0-14-004319-5 $2.95 ' % 
A History of Economic Thought 
William J. Barber | 
A survey of the four main schools of economic thought— "i 
classical, Marxian, neoclassical. and Keynesian. The author ; 
assesses the contributions of Smith. Malthus, Ricardo, Mil. 
Marx, Marshall, Keynes, and many others both in terms of their 
own times and in light of current economic thought. 
266 pages 0-14-020890-9 $2.50 


Catalogs available upon request. PENGUIN BOOKS 
625 Madison Avenue, New York, New York 10022 


JIN BOOKS 
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THE ECONOMICS OF MONEY AND BANKING 
Seventh Edition 
Lester V. Chandler and Stephen M. Goldfeld 
Thoroughly up-to-date, the Seventh Edition of this long-time leading 
seller provides a detailed treatment of the principles, processes, and 
problems of monetary and banking systems and their roles in the economy. 
This edition features greatly expanded coverage of monetary theory and 
effective compression of the chapters on monetary history. There is new 
emphasis on the roles of the public, the banks, and the Federal Reserve 
in the money supply process. Discussions of interest rates and the mechanics 
of open-market operations and interest-rate ceilings have been greatly 
expanded. 630 pages; $14.95. January 1977. ISBN 0-06-041234-8, Study 
Guide by Williams and Woudenberg: $6.95. Instructor’s Manual. 


` Also fov Your Consideration 


MACROECONOMICS 
William H. Branson and James M. Litvack 
433 pages; $14.95. 1976. ISBN 0-06-040934-7. 


-AN INTRODUCTION TO 


MATHEMATICAL ECONOMICS 
' Methods and Applications 


G. C. Archibald and Richard G. Lipsey 
576 pages; $17.95. 1976. ISBN 0-06-040324-1. 


THE POLITICAL ECONOMY OF THE 
NEW LEFT 


An Outsider’s View, Second Edition 
Assar Lindbeck l 
239 pages; $5.95/paper. January 1977. ISBN 0-06-044009-0. 


STAGFLATION 


egedoocococooceococoosecooiecoocscsossosooecoosoesoeesososooooossoeooooeocisooe 






A Radical Theory of Unemployment and Inflation ° 
; Howard J. Sherman- ° 
252 pages; $5.95/paper. 1976. ISBN 0-06-046106-3. ° 

: 

+ 
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Harper & Row : 

. e 

ry) 10 East 53d Street, New York, N.Y. 10022 ° 
EE To request examination copies, please write to L. Schein, Dept. 438, at the 
ooo address above. °; 
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The Visible 
Hand 


The Managerial Revolution 
in American Business 
Alfred D. Chandler, Jr 


For the first time, the 
story of the rise of big business 
in this country is being hot 
merely told, but explained. 

Both a history of anew 
business institution and of a 
new business class, Chandler's 
book shows how the visible 
hand of management 
replaced what Adam Smith 
called the invisible hand of 
market forces. 

Belknap 
$18.50 
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Dynamic 
Economics 


Burton H. Klein 


An economy simultane- 
ously threatened by inflation 
and recession needs an alter- 
native to classical economic 
theory. 


In this provocative book, | 


Burton Klein proposes a dy- 
namic economic theory and 


explores three of its elements: 


competition, efficiency, and 
relating macroperformance 
and microbehavior. 


$15.00 


Harvard University Press 


Cambridge, Mass. 02138 
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MARXIAN POLITICAL 
ECONOMY 


An Outlne 
JAMES BECKER 


Becker combines a lucid exposition of the 
fundamental categories of Marxian politi- 
cal ecomomy with an interpretative anal- 
ysis of the current phase of advanced 
capitalis: development. $14.95 


MACROECONOMIC 
ANALYSIS AND 
STABILIZATION POLICY 


S. J. TURNOVSKY 


Emphasizes four areas of macroeconomics 
not previously examined in depth: incor- 
poration of the government sector into 
the model of the economy, inflation, 
open economics, and stabilization pol- 
icies. Hardcover $24.95 Paper $8.95 


STUDIES IN RESOURCE 
ALLOCATION PROCESSES 


KENNETH J. ARROW and 
LEONID HURWICZ, Editors 


A discussion of the mechanisms for co- 
ordinating the allocation of resources in 
an economic system where the decisions 
are decentralized. $29.50 


ADVANCES IN 
MARITIME ECONOMICS 


R. O. GOSS, Editor $22.50 


GEM 


A Generel Econometric Matrix Program 
LUCY JOAN SLATER $5.95 


A MODEL OF OUTPUT, 
EMPLOYMENT, WAGES AND 
PRICES IN THE U.K. 

I. F. PEARCE, P. K. TRIVEDI, 

C. F. STEOMBECK, G. J. ANDERSON, 
Editors $14.95 





CHINA’S ECONOMIC 
REVOLUTION 
ALEXANDER ECKSTEIN 


“Eckstein, drawing on a wide range of 
specialized research as well as his own 
long study of China, has managed to put 
together a well-informed, compact, bal- 
anced, and lucid account of China’s 
modern economy that is unquestionably 
the best introduction to the subject.” — 
Library Journal. “Tt should be a standard 
source for teachers and students of the 
Chinese economy for quite a long time 
to come.” — Lloyd G. Reynolds, Sterling 
Professor of Economics, Yale University 

Hardcover $19.95 Paper $6.95 


ONE KIND OF FREEDOM 


The Economic Consequences of 
Emancipation 

ROGER RANSOM and 
RICHARD SUTCH 


Ransom and Sutch examine the economic 
institutions that replaced slavery and the 
conditions under which ex-slaves were 
permitted to enter the economic life of 
the United States following the Civil 
War. 

Hardcover $19.95 t 


DISAPPOINTING MARRIAGE 
A Study of the Gains from Merger 
G. MEEKS 


Hardcover $11.95 Paper $6.50 


INDIA’S EXPORTS AND 
EXPORT POLICIES 
IN THE 1960'S 


DEEPAK NAYYAR $28.50 


THE EVOLUTION OF GIANT 
FIRMS IN BRITAIN 

A Study of the Growth of Concentration 
in Manufacturing Industry in Britain 
1909-1970 
S. J. PRAIS $19.95 


t—tentative 


Cambridge 
University Press 


32 East 57th Street 
New York, N.Y. 10022 
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Just published by the IMF. . . 


THE MONETARY APPROACH . 
TO THE BALANCE OF PAYMENTS 


A Collection of Research Papers by Members of the Staff of 
the International Monetary Fund 
Pp. x + 290 | $4.00 


This volume brings together the most important research papers prepared by members of the Fund’s 
staff over a period of nearly two decades on the monetary approach to the balance of payments. The 
monetary approach was developed out of the necessity to design and implement external adjustment 
policies for member countries of the Fund that found themselves in balance of payments difficulties. 
Especially in the early period, the lack of computational facilities and the paucity of data imposed 
constraints on the complexity of the model, and the staff had to adapt existing theories, develop new 
approaches, and experiment with novel analytical procedures. The papers in this volume are a result of 
this research work and record the contribution made by the Fund's staff in the development of the 
monetary approach to the balance of payments, an approach that has now become widely accepted by 
academic economists and policymakers alike. Of the 11 papers contained in the volume, 8 are being 
reprinted in their original form and 3 are new studies that are being published for the first time. 

Contributors to the volume are as follows: Bijan B. Aghevli, Victor Argy, Lorette Boissonneault, 
J. Marcus Fleming, Manuel Guitian, H. Robert Heller, Mohsin S. Khan, J.J. Polak, S.J. Prais, and 
Rudolf R. Rhomberg. 


Address all orders and inquiries to 
The Secretary 
International Monetary Fund 
Washington, D.C. 20431 U.S.A. 


Understanding Capital Markets 


Volume |: A Flow of Funds Model! 

Estimations and Applications of Financial Policies 
and Reforms 

Patric H. Hendershott, Purdue University 
Describes the behavior of various financial sectors 
and discusses forecasting and policy and reform 
simulation. 

400pp. $27.50 LC 76-55112 

ISBN 0-669-01006-5 

Volume il: The Financial Environment and the 
Flow of Funds in the Next Decade 

edited by Arnold.W. Sametz, Paul Wachtel, 

New York University 

Discusses the financial environment in such areas 
as capital, inflation, the household and business 
sectors, loans, and forecasting. 

352pp. $20.00 LC 76-55113 

ISBN 0-669-01007-3 


D. C. Heath and Company 

125 Spring Street 

Lexington, MA 02173 
617-862-6650, 212-924-6460, or 

HEATH 800-428-9292 
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The Theory of Dumping and 

American Commercial Policy 

William A. Wares, The University of Michigan g-i 
An elaboration of the welfare theory of dumping (¢,) 
and appraisal of U.S. antidumping legislation. 
Summer 1977 LC 76-54611 

ISBN 0-669-01308-0 


OOK] 


The Myth of Petropower: lran’s Dependence on 
the Western World 

Anindya Bhattacharya, Adelphi University 
Discusses oil prices, revenues and expenditures, 
balance of payments, and future implications of 
declining oil revenues. 

144pp. $11.95 LC 76-14665 

ISBN 0-669-00735-8 


Financial innovation 

edited by William L. Silber, New York University 
Providing common ground for discussion between 
the academic, government, and business commu- 
nities, these papers add to the practitioner's under- 
standing of financial institutions and markets. 
224pp. $17.00 LC 75-19204 

ISBN 0-669-00137-6 
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Government 
to the rescue 


>. and how much 
does it cost? 


POGUE/SGONTZ 
Sovernment and Economic Choice: An Introduction to Public Finance 
Thomas E Pogue and Larry G. Sgontz, both of University of Iowa 
About 528 pages * Early 1978 

Pogue and Sgontz examine the pervasive role of government in 
economic decision making. Their new book for courses in public 
finance and public policy covers all the factors of governmental 
intervention in the marketplace — cost as well as effectiveness. 














ad 
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Plus two books for courses in Price Theory or Intermediate Microeconomics 


WATSON/HOLMAN 
Price Theory and Its Uses, Fourth Edition 
Donald S. Watson (emeritus) and Mary A. Holman, both of George 
Washington University 
445 pages * Instructor’s Manual * 1977 
A lucid, nonmathematical exposition of intermediate 
microeconomics containing abundant illustrations and up-to-date 
applications. 


MEYER 
Microeconomic Decisions 
Robert A. Meyer, University of California, Berkeley 
339 pages * Problems in Price Theory (workbook) « Instructor’s 
Solutions Manual * 1976 
Emphasizes the decision/information content of microeconomics, 
both for theoretical purposes and for the analysis of business and 
governmental policies, Calculus and advanced mathematics are used 
only in the footnotes so that the text suits a variety of student 
nzeds. 
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WILLIS/PRIMACK .. . the text your students will understand 
Explorations in Economics 
James E Willis and Martin L. Primack, both of San Jose State 
University 
703 pages ° Individual ioina in Economics (study guide). 
Instructor’s Manual • Test Bank ° 1977 
Willis and Primack have reduced theory in both volume and 
complexity to the point where students can fully grasp it. Their 
straightforward style further increases the text’s accessibility. 
Extensive original applications directly relating each principle to 
specific familiar economic problems give students a clear understanding 
of the way economics works. 


Other books of interest 


` GRUCHY 


Comparative Economic Systems . 

Allen G. Gruchy, University of Maryland 

640 pages * 1977 

HUNTER/FOLEY 

Economic Problems of Latin America 

John M. Hunter, Michigan State University, and James W. Foley, 
University of Miami 

400 pages ° 1975 

LANDRETH 

History of Economic Theory: Scope, Method, Content 

Harry Landreth, Miami University at Oxford, Ohio 

527 pages * 1976 

WEBB l 

Managerial Economics 

Samuel C. Webb, Wichita State University 

553 pages * Solutions Manual * 1976, | 

SCHREIBER/GATONS/CLEMMER 

Economics of Urban Problems: An Introduction, Second Edition 

Arthur E Schreiber, Georgia State University, and Paul K. Gatons 
and Richard B. Clemmer, both of the Department of Housing and 
Urban Development 

402 pages ° 1976 


For adoption consideration, request examination copies from the 
regional Houghton Mifflin sales office serving you. 


Houghton Mifflin 


Dallas, TX 75235 / Geneva, IL 60134 / Hopewell, NJ 08525 
Palo Alto, CA 94304 / Boston MA 02107 
ə 
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| RESOURCES 
FOR THE FUTURE 


25 years of pioneering efforts 


to apply economic analysis to environmental and 
resource questions. Since the private, non-profit organi- 
zation was founded in 1952, its work has resulted in 
moze tian 200 Resources for the Future Books 
published by The Johns Hopkins University Press. 


A 






bw 


Including such classic and recent works as 


Resources in America’s Future: 
Patterns of Requirements and 


Availabilities, 1960-2000 

by Pans H. Landsberg, Leonard L. Fischman, 
and Joseph L. Fisher. “. . . applies the most 
advancec tools of mathematics and economics 
to an evaluation of the end result of present 
trends amd the modifying effects of new tech- 
noloay.''—- The Mew York Times $25.00 


Scarcity and Growth: The 
Economics of Natural Resource 
Availability 
by Harolc J. Barnett and Chandler Morse. "A 
supers acdition to the body of knowledge avail- 
able to scholars. and practitioners in the 
resou-ces field. Its influence should be great.” 
— Journa. of Soil and Water Conservation 

$13 50 hardcover, $3.95 paperback 


Energy, Economic Growth, and the 


Environment 
edited by Sam K. Schurr. "Without doubt the 
finest volume that has yet been published on 
the conflict emerging between two of the nation’s 
object ves: providing energy to meet the needs 
of future Sconorric growth and protecting the 
quality of the environment.” — Choice 

$12.00 hardcover, $2.95 paperback 


A Preface to Urban Economics 

by Wilbur R. Thompson. “A solidly based 

benchmark for teaching students of urban 

economics and for further research." — 

Quarterly Review of Economics and Business 
$15.00 hardcover, $3.95 paperback 


Managing Water Quality: 
Economics, Technology, 


Institutions 
by Allen V. Kneese and Blair T. Bower. 


"This 
book is recommended to anyone who is looking 
for an introduction to the subject of water quality 
management. — Natural Resources Journal 


$15.00 
The Economics of Natural 
Environments: Studies in the 
Valuation of Commodity and 
Amenity Resources 
by John V. Krutilla and Anthony C. Fisher. "The 


main point of this effort is to apply economics, 
and often some very innovative and imaginative 
analyses ... The result is a good and useful 
book." — Journal of Economic Literature 

$16.95 hardcover, $4.50 paperback 


Forests for Whom and for What? 
by Marion Clawson, ‘'Clawson’s credentials in 
economics and forest policy are so well known 
as to require no further attestation. All that need 
be added is that the book -is highly recom- 
mended.” — American Forests l 

$11.95 hardcover, $3.65 paperback 


In Command of Tomorrow: 
Resource and Environmental 
Strategies for Americans 
by Sterling Brubaker. “A thoughtful and well- 
written book.” — Washington Post 

$8.95 hardcover, $3.95 paperback 


Wye Island: Outsiders, Insiders, 
and Resistance to Change 

by Boyd Gibbons. "'First-rate social history... 
a fine study of a classic land use encounter.” — 
William H. Whyte $10.95 


Please write to us for a complete catalog of 
Resources for the Future books: 


THE JOHNS HOPKINS UNIVERSITY PRESS 


Baltimore, Maryland 21218 
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.- Economic Development in the Third World 
An Introduction to Problems and Policies in Global Perspective 
Michael P. Todaro 


bs Here is an exciting new publication on economic development with a vital differ- 
ence. Unique in organization and orientation, it embodies important pedagogic 
innovations which represent significant improvements over existing books in 
the field. 


First, rather than deal with abstract models or sterile debates, this book's focus 
is on real world development problems faced by countries in Asia, Africa and 
Latin America. Major problems such as poverty, inequality, unemployment 
and rural stagnation are each analyzed from a theoretical, empirical and policy 
perspective for a wide range of developing nations. 
Second, the Third World nations are considered not only in their capacity as in- 
dependent nation states but also in relation to one another and in their inter- 
N action with sich nations, both capitalist and socialist. 
Third, because the author recognizes the need for treating the problems of 
development and underdevelopment from an institutional and structural (i.e. a 
: ‘non-economic’) as well as an economic perspective, he incorporates relevant 
: theory with realistic institutional analyses. 
Fourth, development problems are viewed in both a domestic and global con- 
4 text, with emphasis on the growing interdependence of the world economy in 
i areas such as food, energy, technology and natural resources. 


Finally, emphasis is placed on the policy choices facing governments in de- 
veloped nations as they confront growing Third World demands for a ‘new inter- 
national economic order’. 


The Author: 
z Michael P. Todaro, Ph.D., is Deputy Director and Senior Associate of the 

Center for Policy Studies of the Population Council in New York. Previous to this 
wes appointment, he was Visiting Professor of Development Economics at the 
University of California, Santa Barbara. He has traveled and lectured widely 
throughout Asia and Latin America, and has spent over five years of teaching 
and research in Africa. He is author of numerous articles in professional journals, 
including The American Economic Review. 


1977. xxiv + 445 pp., 34 graphs, 58 tables, appendixes, biblio., glossary, index, 


notes 
ISBN 0-582-44628-7 hardback $14.95 


ate LC# 76-49626 
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: Longman inc. 

l 19 West 44th Street 

; New York, N.Y. 10036 
| Phone: 212 764-3950 
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New and Significant from Basic Books 
POLITICS AND MARKETS 


The World's Political-Economic Systems 
Charles E. Lindblom 


In this pioneering book, the author combines his unique gifts as both a distinguished 
economist and political scientist to ask—and answer—the really basic questions 
about cap.talism, socialism, and democracy. 

“Stunning.” — Richard Nelson, Yale University. $15.00 


THE LIMITS OF HEALTH REFORM 
Eli Ginzberg 


A leading 1ealth economist convincingly demonstrates that little improvement in our 
nation’s health care system can be expected as long as reformers—and their 
constituents—make unrealistic assumptions about the way the system actually works. 
This first sober assessment of our experience with ambitious health reforms is, above 


all, a call for realism i A working toward significant improvement. 
November $10.0 


ORGANIZING THE WORLD'S MONEY 


The Political Economy of International Monetary Relations 
Benjamin J. Cohen 


A prominent authority in international finance shows conclusively that the reasons 
for our continued inability to reach consensus in monetary reform are not primarily 
economic, but political. An important book that elucidates the potentialities—and 
limitations—of international monetary reform. $12.95 


THE GOVERNMENTAL HABIT 
Jonathan R. T. Hughes 


A unique, bold work that documents the long and popular history of governmental 
interference with American economic affairs. “A most exciting book and a major 
contributioa.”—Douglass C. North. “Timely and lucid.”—John Kenneth Galbraith 
$11.95 


INTERNATIONAL TRADE UNDER COMMUNISM 


Franklyn D. Holzman 


The first work to trace the interaction of politics and economics in the trade and 
investment policies of Communist countries—both with each other and with the rest 
of the world. $12.50 


PRINCIPLES OF MONEY, BANKING, 
AND FINANCIAL MARKETS 


Second, Revised and Expanded Edition D 
Lawrence S. Ritter & William L. Silber B/A | | C 
The leading text in its field. “Exceptionally 


well writter and comprehensive. Highl 
recommended? The Journal of Finance BASIC BOOKS INC. 
$13.95 Teacher’s manual available. 10 EAST 53RD ST, NEW YORK 10022 
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The New Jersey Income-Maintenance Experiment 
Volume 2: Labor-Supply Responses l 
Edited by HAROLD W. WATTS and ALBERT REES 

,A Volume in the INSTITUTE FOR RESEARCH ON POVERTY MONOGRAPH Series 


This is the second of a three-vo!- 
ume series on the first large-scale 
social experiment ever conducted, 
and the first to test the effects of 
a negative income tax. It analyzes 
data from the experiment relevant 
to the central question the experi- 
ment was instituted to answer: To 
what extent would a negative in- 
come tax tend to diminish the work 


effort of program beneficiaries? 
Although more technical than the 
first volume, it may be considered 
the most important volume of the 
series for its statistical treatment 
of work behavior, the central focus 
of the experiment. 


1977, 440 pp., $28.50/£20.25 
ISBN: 0-12-738502-9 


Statistical Methods for Social Scientists 


ERIC A. HANUSHEK and JOHN E. JACKSON 


“A Volume inthe QUANTITATIVE STUDIES IN SOCIAL RELATIONS Series 


> 


J: 


This volume aims at developing 
a sense of when different statisti- 
cal techniques are appropriate, 
and how to use them. After an in- 
troduction to analytical modeling, 
the book develops simple regres- 
sion methods—for both single 
equation and multiequation mod- 
els—and discusses their applica- 
tion and the complications that 


might arise. It features coverage of 
the increasingly important topics 
of qualitative dependent variables, 
errors of measurement, and un- 
observed variables. It also relates 
the techniques covered to more 
specialized areas such as path 
analysis and factor analysis. 


1977, 392 pp., $19.00/£73.50 
ISBN: 0-12-324350-5 


For complimentary copies of this book, write to the Sales Department, Academic Press, 
New York. Please indicate course title, enrollment, and present textbook. 


Topics i in Applied Macroeconomics 
Edited by DAVID F. HEATHFIELD 


renamen ae 


-r 


Attempts to make economics 
more ‘scientific’, that is to say 
more positive, have given rise to 
injunctions for economists to ‘ap- 
peal to the facts’. This book is 
about appealing to the facts. It is 
designed to give critical surveys 
of the empirical works which have 
been done on these macroeco- 
nomic relations — discussed in 
most introductory textbooks. 
CONTENTS: R. P. Parks, Econo- 
metric introduction. D. F. Heath- 


field, Production Function. J. D. 
Byers, The Supply of Labour. E. 
Greenberg, Fixed Investment. K. 
Hilton, Inventory Investment. G. W. 
McKenzie, Imports and Exports. 
M.C. Timbrell, Consumption Func- 
tions. P. G. Saunders and D. d. 
Taylor, The Demand for Money. 
G. W. McKenzie, Models and Fore- 
casting. 

1977, 240 pp., In preparation 

ISBN: 0-12-335850-7 


Academic Press Sales Territory: U.S., Dependencies, and the Phillipines 


Send payment with order and save postage plus 50¢ handling charge. 
Prices are subject to change without notice. 


ACADEMIC PRESS, INC. 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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PUBLICATIONS 


The ILO is unique among world organizations in that workers’ 

and employers’ representatives have an equal voice with 

those of governments of its 135 member countries. 

The publications of the 1.L.O. provide a unique source of information 
in a variety of fields as well as labor and social affairs. 


TECHNOLOGY AND EMPLOYMENT 
IN INDUSTRY 


This collection of eight case studies represents a contribu- 
tion of the economics of technological possibilities open to 
developing countries. The majority of the studies are con- 
cerned with identifying and analyzing alternative techniques 
of production, and examining their implications for specific 


policy decisions. cloth, $17.95 Paper, $14.95 


MANAGEMENT CONSULTING 


A Guide to the Profession 
Now in its second printing. 


Unique in its field as a guide and textbook, this publication 
covers work methods, behavioral aspects of change imple- 
mentation, design and control of consulting assignments, 
organization of consulting units, training programs for con- 
sultants and ethical considerations. $1 7.95 


INTERNATIONAL LABOR REVIEW 


Articles on economic and social topics of international inter- 
est affecting labor, research notes, notices of new books 


received by the ILO. Singe, $3.60 Yearly, $15.95 


LABOR FORCE ESTIMATES AND 
PROJECTIONS. 1950-2000 


A comprehensive and consistent set of data for all coun- 
tries, territories, regions and major areas of the world, 
based on uniform concepts, methods and classification 
schemes. 


Vol. |. Asia $5.95 
Vol. Il. Africa 5.95 
Vol. III. Latin America 4.95 
Vol. IV. Europe, Northern America, 

Oceania and USSR 5.95 
Vol V. World Summary 4.95 
Vol. VI. Methodological Supplement 6.95 


Complete set of 6 volumes: $31.95 


At your bookseller, or order direct from: 


INTERNATIONAL LABOR OFFICE 
Suite 330 E, 1750 New York Avenue, N.W. 
Washington, D.C. 20006 « (202) 634-6335 
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THE DEMAND FOR MONEY: 
THEORIES AND EVIDENCE 


SECOND EDITION 
David E. W. Laidler 


This new supplementary text for macro- 


economics and monetary theory courses 
shows how empirical studies and theoret- 
ical work have interacted to affect per- 
ceptions of the general macroeconomic 
model (IS-LM) over the past ten years. 
The text thoroughly reviews theories un- 
derlying the demand for money function. 


Inflation 


A Guide to the Crisis in Economics 


J. A. Trevithick 


A simplified precautionary demand model 
which is accessible to undergradute stu- 
dents is’ presented. The up-to-date section 
on empirical evidence offers an unbiased 
distillation of the literature, including 
recent work of Klein, Price, Goldfeld, 
and others. 156 pages; $3.95/paper. May 
1977. SBN 0-912212-07-1. 


mas Y. Crowell Company 


10 EAST 53d STREET, NEW YORK, N.Y. 10022 








A brief, lucid summary of the varying economic approaches to the 
problem of inflation. Professor Trevithick explains the Phillips Curve, Trade 
Union Power, “Helicopter Money,” floating currencies, incomes policy, and 
indexation as he demonstrates how inflation can be controlled through a 


combination of treatments. 
Business Strategy 
Selected Readings 
Edited by H. Igor Ansoff 


136 pages 


0-14-021950-1 $2.95 


A basic text which, through a series of readings, introduces students to 
the problem of business strategy formulation. Included is an examination of 


to the formulation of strategy. 
Write for free catalogs. 


PENGUIN 


the ways in which policy changes evolve, a look at the long-range future of the | 
firm and the individuals within it, and a comparison of two major approaches 
400 pages 


0-14-080072-7 


BOOKS 


625 Madison Avenue 
New York, N.Y. 10022 


$2.50 
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Financial Decision Making 


Under Uncertainty 


Edited by HAIM LEVY and 
MARSHALL SARNAT 


A Volume in the ECONOMIC THEORY 
AND MATHEMATICAL ECONOMICS 
Series 

CONTENTS: PART |: UTILITY AND RISK 
ANALYSIS: H. M. Markowitz, An 
Algorithm for Finding Undominated 
Portfolios. W. Rubinstein, The Strong 
Case for the Generalized Logarithmic 
Utility Model as the Premier Model of 
Financial Markets. PART II: 
INVESTMENT DECISIONS UNDER 
UNCERTAINTY: /. Friend, The Demand 
for Risky Assets: Some Extensions. M. J. 
Gordon, Op-:imal Timing of Capital 
Expenditures. M. H. Miller and C. W. 
Upton, Leasing, Buying, and the Cost of 
Capital Services. PART HI: PORTFOLIO 
ANALYSIS AND CAPITAL MARKET 
THEORY: W. F. Sharpe, The Capital 
Asset Pricing Model: A “Multi-Beta”’ 
Interpretaticn. F. D. Arditti and H. Levy, 
Portfolio Efficiency Analysis in Three 
Moments. The Multiperiod Case. D. Kira 
and W. T. Ziamba, Equivalence Among 
Alternative Portfolio Selection Criteria. 
PART IV: INFLATION AND FINANCIAL 
DECISIONS N. H. Hakansson, Efficient 
Paths Toward Efficient Capital Markets 
in Large and Small Countries. PART V: 
APPLICATIONS OF RISK ANALYSIS: 

M. Adler anc B. Dumas, Default Risk and 
the Demand for Forward Exchange. F. D. 
Arditti and Y. C. Peles, Optimal Coupon 
Rate, Taxes, and Collusion Between 
Borrower anid Lender. A. Melnik and 

M. A. Pollatszhek, An Optimal Screening 
Policy for R & D Projects. E. J. Elton and 
M. J. Gruber, Optimal Investment and 
Financing Patterns Under Alternative 
Methods of Regulation. 

1977, 316 pp., £24.00/£17.05 ISBN: 0-12-445850-5 


Welfare Effects of Trade — 


Restrictions 
A Case Study of the 
U.S. Footwear Industry 


By MICHAEL SZENBERG, 
JOHN W. LOMBARDI and ERIC Y. LEE 


A Volume in the ECONOMIC THEORY 
AND MATHEMATICAL ECONOMICS 
series 

CONTENTS: Structure of the United 
States Footwear Industry. Estimating the 
Economies of Scale and the Conditions: 
of Entry. The Welfare Effects of United 
States Tariff Restrictions on Imported 
Footwear. Trade Adjustment Assistance 
and Import Competition. Regression 
Analysis. 

1977, 176 pp., $16.50/£11.70 ISBN: 0-12-681050-6 


= * | 
The Measurement 


of Economic Welfare 
Its Application to the Aged Poor 


By MARILYN MOON 


A Volume in the INSTITUTE FOR 
RESEARCH ON POVERTY MONOGRAPH 
Series 


This book develops an alternative 
measure of economic well-being for — 
aged families, and uses it to assess the 
impact of government programs 
available to them. The new measure is 
based on potential consumption rather 
than income, and incorporates net: ~ 
worth, tax liabilities, and in-kind and 
intrafamilial transfers. Substantial 
distributional differences emerge when 
the new and old measures are applied 
to empirical data. The book also 
estimates, using the new measure, the 
distributional impact of eleven transfer 
and tax expenditure programs for the 
aged. 

1977, 160 pp., $13.50/£9.60 ISBN: 0-12-504650-2 | 
~ 
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Public Expenditures, 
‘Taxes, and the 


istribution of Income 

The United States, 1950, 1961, 1970 

By MORGAN O. REYNOLDS and 

EUGENE SMOLENSKY 
P Volume in the INSTITUTE FOR 
RESEARCH ON POVERTY MONOGRAPH 
Series 
This book is perhaps the first to analyze 
over time the degree of income inequality 
‘among United States households after all 
asaran taxes and benefits have been 
‘included in household income. It finds that 
there were no significant changes in the 
inequality of income measured in this way 
from 1950 to 1970, in spite of government’s 
rapid growth and sizable changes in 
composition of taxes and revenues. 

1977, 160 pp., $14.00/£9.95 ISBN: 0-12-586550-3 


Improving Measures 


of Economic Well-Being 
Edited by MARILYN MOON and 
EUGENE SMOLENSKY 


A Volume in the INSTITUTE FOR 
RESEARCH ON POVERTY MONOGRAPH 
Series 
This book brings together for the first 
time important articles on the measure- 
ment of economic status—articles 
originally published in widely scattered 
locations. Written by staff at the Institute 
Hor Research on Poverty, the articles 
approach from a variety of perspectives 
the question “How should economic 
| welfare be measured for policy 
purposes?” The articles deal with 
alternatives to measuring economic 
well-being in purely monetary terms, and 
with problems in assuring comparability 
between families of different sizes or 
residences, living at different times. 
1977, 256 pp., $16.00/£11.85 ISBN: 0-12-504640-5 


oi 


Internal Migration 

A Comparative Perspective 
Edited by ALAN A. BROWN and 
EGON NEUBERGER 


From the Preface: 

This interdisciplinary comparative 
study of internal migration in several 
regions of the world is the culmination 
of several years’ collaboration by 
leading anthropologists, demographers, 
economists, and sociologists. It fills a 
gap in the migration literature by 
providing the opportunity for scholars 
in these fields to ask new questions and 
give new answers to the key problems 
in the study of internal migration, ina 
comparative context, and to address 
the problems in regions of varying levels 
of economic development, and with 
different economic systems. 

This book is the third in a series of 
publications sponsored by the Committee 
on Comparative Urban Economics 
(CCUE). 


SECTION HEADINGS: Migration and 
Development: Interactions. 
Methodology: Models, Measurement and 
Theoretical Reflections. The Effect of 
Migration on Regions and Individuals. 
Selected Case Studies, Section A: 
Migration in the West; Section B: 
Migration in Eastern Europe; Section C: 
Special Constraints: Causes and 
Consequences. Migration: Disciplinary 
and Systemic Comparisons. 


1977, 512 pp., $29.50/£20.95 
ISBN: 0-12-137350-9 


Send payment with order and save postage plus 50¢ 
handling charge. Orders under $15.00 must be ac- 
companied by payment. 


Prices are subject to change without notice. 


Academic Press, Inc. 


A Subsidiary of 
Harcourt Brace Jovanovich, Publishers 
111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 
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For the 
contemporary economist 





DUALITY, SEPARABILITY AND FUNCTIONAL STRUCTURE: 
Theory and Economic Applications 

Charles Blackorby, University of British Columbia; Daniel Primont, 
University of Massachusetts, Boston and University of British Columbia 
and R. Robert Russell, University of California, San Diego 


Here is a systematic analysis of two concepts widely used by economists: separabil-~ 


ity and functional structure. The authors probe the relationship beween the separa- 
bility of a preference ordering and the structure of the functions representing that 
ordering, and discover that the structural properties of primal and dual representa- 
tions of technologies have generally different implications. After a thorough survey 
of duality theory, these differences are applied to a variety of problems, including 
two-stage budgeting, decentralization, recursive optimization, cost-of-living subin- 
dices and consistent intertemporal planning. The book, composed primarily of 
original results, is an important contribution to this complex area. 

1977 364pages $32.50 tentative ISBN 0-444-00235-9 


OPTIMAL CONTROL AND SYSTEM THEORY 

IN DYNAMIC ECONOMIC ANALYSIS 

Masano Aoki, University of California, Los Angeles 

Because of the dynamic nature of the decision making processes of economic 
agents, a thorough knowledge of control and system theory is an important part of 
successiul dynamic economic model analysis. This comprehensive introduction to 
state space representation and other concepts and tools of control and system 
theory is geared directly to economists and management scientists. 

Drawing from microeconomic and macroeconomic analyses, Aoki provides a co- 
herent introduction to this area that previously has been almost exclusively oriented 
to engineers. The book is not only a unique introduction of control theory to 
economists, but a bridge between the divergent concerns of economists and control 


and system engineers. 
1976 416 pages $27.95 ISBN 0-444-00176-X 


Both these zitles are in the outstanding series Dynamic Economics: Theory and 
Applications edited by Maurice Wilkinson, Columbia University. 


Prices subject to change without notice. 


ELSEVIER NORTH-HOLLAND” 


52 VANDERBILT AVENUE NEW YORK, NEW YORK 10047 
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Harrington, Michael 
THE TWILIGHT OF CAPITALISM 


Arguing that America in the mid-1970’s is irreversibly collec- 
tivizing itself under conservatives as well as liberals, Michael 
Harrington claims that it remains to be resolved whether the 
outcome will be humane or brutally repressive and bureau- 
cratic. Harrington begins with a new, clear, straight-forward 
reexamination of Marxist thought, clarifying Marx’s concep- 
tions of capital, value and surplus value, labor, the dialectic, 
and history. He proposes a program for a democratic future 
through an extraordinary method of “rediscovered” Marxism. 
“This is an important and extremely interesting book.’-—John 
Kenneth Galbraith, The New York Times Book Review. “His 
documentation of ... the American government’s collusion 
with the oil companies both at home and abroad, the gov- 
ernment’s subsidies to giant agribusiness interests, or the in- 
equities of our tax system is devastatingly effective.”-—Political 
Science Quarterly. “Harrington expounds difficult texts lu- 
cidly, and exhibits exceptionally wide knowledge of Marx's 
philosophy, as well as the views of later Marxian thinkers. .. . 
this book will be of great use in college courses.”-~Library 
journal. “This is one of those rare books that can be, and 
deserves to be, read by most everyone, regardless of aca- 
demic preparation or political persuasion. In this regard, the 
work ranks with the very best of Galbraith, Heilbroner, Mills, 
Sweezy, and Baran.”—Choice, 

O 22759 $4.95 


Barnet, Richard J]. and Ronald E. Müller 
GLOBAL REACH 
The Power of the Multinational Corporations 


“Based on a synthesis of recent analytical studies, this work 
presents a cool-headed appraisal of the significance of multi- 
national firms for all of human existence. . . . An outstanding 
treatment that combines readability with careful analysis.”— 
Library Journal. “Interesting in presentation no less than im- 
portant in substance.”—Leon H. Keyserling, Former Chairman 
of the Council of Economic Advisors and President of the 
Conference on Economic Progress. “An impressive amount of 
quantitative, qualitative, and anecdotal information on the 
multinationals ...”—Thomas Horst, Harvard Magazine, ”Re- 
warding, readable, and provocative.” — Business Week. “A 
superb book that demands to be read.”—The New York Times. 
[22104 $4.95 


Melman, Seymour 

THE PERMANENT WAR ECONOMY 

American Capitalism in Decline 

“Melman examines such areas as the decline of industrial effi- 
ciency, trade-offs between social and military programs, and 
the conversion of defense industries to peaceful uses . . . his 
discussion of the conversion of defense industries should be 
of wide interest. . .. Recommended for economics and politi- 
cal science collections.”—Library Journal. “This book... is 
important because it deals with a most important question.” 
—Choice. “The time may finally be right for these sensible 
ideas!” —New York Times Book Review. 

[122261 Index $4.95 


Heilbroner, Robert L. 
THE WORLDLY PHILOSOPHERS: The Lives, Times 
and Ideas of the Great Economic Thinkers 


Fourth Edition, Revised for the 1970's 
rq 21326 Biblio., Index $3.95 
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| Columbia 


A VIEW OF THE CORPORATE ROLE IN SOCIETY 
JOHN D. HARPER 


In this thoughtful work a director and retired chairman of Aluminum 
Company of America explores the role of the corporation in today's 
changing society and the new role of the manager in the evolving cor- 
porate system. Harper calls upon business and society to end their tradi- 
tional adversary relationship and work together to achieve society's goals. 
| Benjamin F. Fairless Memorial Lecture Series, Carnegie-Melion University 





THE PROCESS OF ECONOMIC PLANNING 
ZOLTAN KENESSEY 


In this market-oriented, participatory approach to economic planning 
Zoltan Kenessey deals with such major topics as elaboration of develop- 
ment plans, techniques, political priorities, and plan implementation, as 
well as the controversial question of economic planning in the United 
States. Dr. Kenessey’s systematic presentation of each topic makes this 
a valuable introduction to the field. $15.00 


THE WEAK IN THE WORLD OF THE STRONG 


The Developing Countries in the International System 
ROBERT L. ROTHSTEIN 


This timely exploration of the role of the developing countries in a very 
complex international system stresses the interaction between the do- 
mestic economic and political policies of the developing countries, the 
orientations they have adopted toward the external world, and the re- 
sponses of the developed countries to their demands and needs. 
Institute of War and Peace Studies $16.50 


THE DEMAND FOR MONEY IN NORWAY 

ARNE JON ISACHSEN 

In this detailed study the framework of the financial institutions of 
Norway is examined, and a model of money demand based on three 
forms of holding wealth is presented in which the assets are assumed 
by wealth-owners to be imperfect substitutes for each other. 
Universitetsforlaget Book $4.00 paper 


COLUMBIA UNIVERSITY PRESS 


Address for orders: 136 South Broadway, Irvington, New York 10533 
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INFLATION, EXCHANGE RATES, AND 

THE WORLD ECONOMY 

Lectures on International Monetary Economics 

W. M. Corden 

Centering on the role of exchange rate variation as an instrument of 
economic policy, Corden subjects four main topics to theoretical analy- 


sis and provides useful models. 
176 pages Cloth $11.00 


KNOWLEDGE AND IGNORANCE IN ECONOMICS 


T. W. Hutchison 
Hutchison relates theoretical questions on the methodology and epis- 
temology of economics to concrete examples of how, in practice, 


economists debate. 
200 pages Cloth $12.50 


REACHING THE PEASANT FARMER 

Organization Theory and Practice in Kenya 

David K. Leonard 

| “Leonard's analysis of problems in the administration of rural develop- 
ment is both imaginative and persuasive.” —Norman Uphoff, Cornell 


University 
320 pages Cloth $19.00 


SOCIAL CONTROL OF THE WELFARE STATE 

Morris Janowitz 

Examining the quality and effectiveness of expanding welfare institu- 

tions in advanced industrial societies, Janowitz analyzes the influence of 

the welfare state on political parties and political behavior over the past 
: thirty years. 

xxii, 170 pages Paper $3.95 


THE ECONOMICS OF TRADE UNIONS 

Revised Edition 

Albert Rees 

“[This volume] ... isa small gem, and Professor Rees is to be com- 
mended for his lucid and economical treatment of a large and complex 


subject.” — Allan M. Carter, American Economic Review 
viii, 208 pages Paper $4.95 


Ug ESSAYS ON ECONOMIC DEVELOPMENT AND 
CULTURAL CHANGE 
IN HONOR OF BERT F. HOSELITZ 
Edited by Manning Nash 
A group of eminent scholars have combined to pay tribute to the distin- 
guished economist whose insights have become conventional wisdom in 


the social sciences. 
466 pages Paper $12.00 Available 





Chicago 60637 


The University of Chicago Press 








J 
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INTERNATIONAL STUDENTS * GRADUATE ADVISORS 
ADMISSIONS OFFICERS ¢ SPONSORING AGENCIES: 


THE ECONOMICS INSTITUTE 


for international graduate students and professionals in 
economics and business 


MAKES A DIFFERENCE 
providing specialized transitional and short-term training opportunities 


COMPREHENSIVE SUMMER PROGRAM 
with intensive course work in 


t 


@ English E Mathematics 
E Statistics E Economic Theory 
and 
e Lecture and Seminar Programs on the U.S. Economy, 
Business and Management, Computer Fundamentals, 
Agricultural Economics, and Economic Development 


o Field Trips, Orientation and Intercultural Activities 


è Graduation Certificate, Transcript, and Accredited 
Advanced Course Work 2 


YEAR-ROUND INTENSIVE ENGLISH PROGRAM 


especially designed for economics and business students 
with supplementary training in mathematics, statistics, and economic theory 
as English proficiency improves 


ENTRY DATES TO SUCCESSIVE FIVE-WEEK TERMS - 


Fall Program 1977: September 6, October 10, November 14 (program ends December 16) 
Spring Program 1978: January 16, February 20, March 27, May 1 

Summer Program 1978: June 12, July 17 (program ends August 23) 

Fall Program 1978: September 5, October 9, November 13 (program ends December 15) 


FOR FURTHER INFORMATION CONTACT 


The Director, Economics Institute 
c/o University of Colorado, Boulder, Colorado 80309 
Telephone: 303-492-7337 Cable: Econinst, 


Established in 1958 under the sponsorship of the American Economic Association 
and endorsed by The American Assembly of Collegiate Schools of Business 
and The American Agricultural Economics Association 
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Economics textbooks 
from HBJ: 








ECONOMICS 
The Way We Choose 
PAUL W. BARKLEY, Washington State University 


“The Barkley text is unusually well written, to the 
point, and in unambiguous language. In addition 
to the concise summaries and interesting ques- 
tions at the end of each chapter, the author 
includes excellent contemporary problems which 
can serve as a departure for classroom discus- 
sion. The biographies, notes of interest set off 
within chapters, size of print, graph work, and 
physical layout of the text are superior. Before 
choosing Barkley, | carefully examined many cur- 
rent texts, searching for the most readable, 
straightforward, uncomplicated text which can 
best serve the needs of the typical college stu- 
dent. Barkley answers that description.” 

— Robert Paul Volyn, Wagner College 

652 pages 

Accompanied by Study Guide/instructor’s 
Manual/Test Booklet/and Transparency Masters 


Also available in two-volume paperbound format, 
each with its own set of ancillary materials: 
INTRODUCTION TO MACROECONOMICS 
Paperbound. 418 pages 
INTRODUCTION TO MICROECONOMICS 
Paperbound. 328 pages 


HARCOURT 
BRACE 
JOVANOVICH, 


INC. [ET] 


New York è San Diego e 
Chicago è San Francisco e Atlanta 


we help take the dismal 
outof the science. 


In new editions: 


MONEY AND THE ECONOMY 
Fourth Edition f 
JOHN J. KLEIN, Georgia State University 


A careful and thorough revision of Professor 
Klein’s widely used and highly respected introduc- 
tion to money and banking. important changes in 
this edition include the extension of the income 
determination model to include aggregate 
demand and supply curves; an extensive revision 
of the chapter on commercial banking structure, 
including a new discussion of the relationship 
between member and nonmember banks; and 
added emphasis on the difficulties of policy 
determination. 624 pages (probable) 
Publication: January 1978 
Prepublication examination copies 
available October 1977 


MACROECONOMIC ANALYSIS 
Fourth Edition 
EDWARD SHAPIRO, University of Toledo 


Carefully worded explanations and useful dia- 
grams remain the main expository tools of this 
strikingly clear treatment of the essentials of mac- 
roeconomic measurement, theory, and policy. 
Major substantive changes in this new edition 
include a reduction of the material on national 
income accounting to one chapter; a new chapter 
extending the IS-LM model to incorporate interna- 
tional trade and the balance of payments; and a 
new chapter on the aggregate supply function. 
594 pages (probable) 
Publication: January 1978 
Prepublication examination copies 
available October 1977 
Accompanied by Study Guide 
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“Vlinetieth 
Annual Meeting of 
The American 
Economic Association 


NEW YORK CITY 


Wednesday, Thursday, Friday 
DECEMBER 28-30, 1977 


The Employment Center opens Tuesday, December 27. 


See the Notes section of the September, AER for the pre- 


liminary program. 


The 1978 meeting will be held in Chicago, IL, August 29-31. 
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First Index 


INVESTMENT TRUST 





You asked for it. 
Now you can invest init. 





Economists and financial e Provides wide diversification, 

researchers for years have called owning over 400 of the 500 stocks 

for the creation of a mutual fund in the S&P Index, representing 

using the ‘‘market index’’ concept. more than 99% of the Index’s 

Now, First Index Investment Trust market value. 

makes this concept a reality for 

investors large and small. As the e |s operated on an at-cost basis by 

newest member of The Vanguard The Vanguard Group, Inc., fora 

Group of Investment Companies, low expense ratio. 

First Index offers these significant 

features: e Pays no investment advisory fee. 

e Seeks to match the performance e Is a no-load fund with no charges 
of the Standard & Poor’s 500 to invest or redeem shares. Mini- 
Stock Index; correlation is in mum initial investment is $1500. 


excess of 0.99. 


For more information — CALL TOLL-FREE 800-523-7910 
(in PA cali collect 215-293-1100) 


| want more complete information, including all 
First Index charges and expenses, on First index Investment Trust. 
INVESTMENT TRUST Please send me a prospectus, which I will read carefully 


before | invest or send money. 


P.O. Box 876 
Valley Forge, PA 19482 Name 
Address 
2-AERN-I-DO3 e GIy csaa AO a D 








from 


twin paperbacks for the beginning student 


PRINCIPLES OF ECONOMICS: Macro, Third Edition 
PRINCIPLES OF ECONOMICS: Micro, Third Edition 


Willis L. Paterson, University of Minnesota 
(Each text accompanied by individual Study Guides and 
Teacher’s Manuals) i 


ECONOMICS OF LABOR RELATIONS, Eighth Edition 


Gordon F. Bloom, Massachusetts Institute of Technology, and 
Herbert R. Northrup, The Wharton School, University of Pennsylvania 


GOVERNMENT FINANCE: Economics of the 
Public Sector, Sixth Edition 


John F. Due, University of Illinois at Urbana, and 
Ann F. Friedlaender, Massachusetts Institute of Technology 


URBAN ECONOMICS 
David Segal, Oberlin College 


INTERNATIONAL ECONOMICS  ° 
Herbert Grubel, Simon Fraser University 


All Texts Available Now! 


Examination copies for adoption consideration available on 
request. Please indicate course title and text presently used. 


Mak (978 


RICHARD DIRWIN INC. . 
Homewood, Illinois 60430 ye 
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W. J. BAUMOL On the Proper Cost Tests for Natural Monop6l 7 
in a Multiproduct Industry 


R. DORNBUSCH, S. FISCHER, AND P. A. SAMUELSON 
Comparative Advantage, Trade, and Payments. On 
in a Ricardian Model with a Continuum of Goods, 4 
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K. A. CHRYSTAL Demand for International Media of Exchange 


S. J. TURNOVSKY Structural Expectations and the Effectiveness 
of Government Policy in a Short-Run 
Macroeconomic Policy 


C. T. CLOTFELTER Public Services, Private Substitutes, 
and the Demand for Protection Against Crime 


D. LAIBMAN AND E. J. NELL 
Reswitching, Wicksell Effects, 
and the Neoclassical Production Function 


D. E. WILDASIN Distributional Neutrality and Optimal 

Commodity Taxation 
A. DEATON Involuntary Saving through Unanticipated Inflation 
L. SAHLING Price Behavior in U.S. Manufacturing: 

An Empirical Analysis of the Speed of Adjustment 
B. R. SCHILLER Relative Earnings Mobility in the United States 
P. ISARD How Far Can We Push the ‘‘Law of One Price”? 
K. WOLPIN Education and Screening 


SHORTER PAPERS: R. McCulloch and J. Pinera; T. E. Kennedy; J. M. Hartwick; 
P. Dasgupta and J.-E. Stiglitz; E. Helpman and D. Pines; G. Brennan and C. Walsh; B. A. 
Weisbrod; O. Hochman and H. Ofek; R. A. Moffitt; D. W. Carlton; R. M. Feinberg. 
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On the Proper Cost ‘Tests for Natural Monopoly 
in a Multiproduct Industry 


By WILLIAM J. BAUMOL* 


The literature is generally somewhat 
vague on the circumstances in which mo- 
nopoly offers cost advantage over produc- 
tion by a multiplicity of firms. The sense 
of the discussion seems to be that monopoly 
will be “natural,’! that is, it can provide 
outputs at lower social costs, when and only 
when the industry has economies of scale. 
Perhaps the most unexpected finding of this 
paper is that scale economies are neither 
necessary nor sufficient for monopoly to be 
the least costly form of productive organiza- 
tion. Rather, the critical concept is (by defi- 
nition) strict subadditivity of the cost func- 
tion, meaning that the cost of the sum of 
any m output vectors is less than the sum of 
the costs of producing them separately. 
‘Since subadditivity is a mathematical con- 
cept whose properties do not seem to have 
been explored fully, a good part of our task 
will be the characterization of subadditive 
cost functions and their relation to more 
conventional concepts such as declining 
average costs (which, as we will see, it is in- 
accurate to equate to scale economies). 


I 


My discussion will begin with the single 
product firm. For these we will show that 


*Professor of economics, Princeton and New York 
universities. This paper was prepared under the 
sponsorship of the Division of Science Information 
of the National Science Foundation as part of a study 
of scale economies and public good elements in in- 
formation transfer. The writing of this paper was very 
much a group undertaking with the most critical con- 
tributions made by Elizabeth Bailey and Dietrich 
Fischer. Important suggestions were also made by 
M.I. Nadiri, Janusz Ordover, Thijs ten Raa, Michael 
Rothschild, and Robert Willig as the analysis grad- 
witally evolved. 

lFor an interesting discussion of the origins of the 
concept and the term see Edward Lowry. 
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evidence of scale economies is always suffi- 
cient but not necessary to prove subadditiv- 
ity. That is, it is (much) too demanding a 
test of natural monopoly to require evi- 
dence of scale economies or declining aver- 
age costs, even in the neighborhood of current 
output levels. Nevertheless, if anything, our 
analysis makes it harder to prove that a par- 
ticular monopoly is natural, even in the 
single product case. For it turns out that 
proof of subadditivity requires a global de- 
scription of the shape of the entire cost 
function from the origin up to the output in 
question, thus calling for data that may lie. 
well beyond the range of recorded experi- 
ence. 

When we turn to the multiproduct case 
we will find that sufficient conditions for 
subadditivity must include some sort of 
complementarity in the production of the 
different outputs of the industry which cor- 
responds to a type of convexity to be speci- 
fied in the next section. 

Our discussion will proceed on the as- 
sumption that the menu of available tech- 
niques is fixed (no technological change), 
that exactly the same menu of techniques is 
available to the monopolist and to each of 
its potential competitors, and that all input 
prices are fixed.” 


2Since we assume all input prices, w, to be constant, 
the cost function C(y, w) can be written simply as 
C(y), where y is the vector of outputs. Input prices are 
taken to be constant because an industry may be a 
natural monopoly at one set of input prices and not 
at another. For example, where capital is cheap rela- 
tive to labor, single firm production may be cheapest, 
while the reverse may be true where low wages call for 
production techniques that are not capital intensive. 
Therefore, it seems to me that the appropriate test to 
determine whether an industry is now a natural mo- 
nopoly must indicate whether it is the least costly 
market form at (or in the neighborhood of) current 
input prices. To require this to be true for all input 
prices would be far too restrictive. 
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Il. Definitions? 


A rather tedious section on definitions 1s 
unavoidable because some of the concepts 
have not been used widely in the literature 
and the extension of others to the n-product 
case is not entirely straightforward. 

There seems to be some ambiguity in the 
term “natural monopoly” which is used to 
refer to one or both of two circumstances:* 

a) An industry in which multifirm pro- 
duction is more costly than production by a 
monopoly (subadditivity of the cost func- 
tion). 

b) An industry to which entrants are not 
“naturally” attracted, and are incapable of 
survival even in the absence of “predatory” 
measures by the monopolist (sustainability 
of monopoly). 


This article dea.s exclusively with the first 
of these concepts, leaving the issue of sus- 
tainability to otner papers. (See Faulhaber 
1975a; Baumol, Bailey, and Willig; John 
Panzar and Willig 1975b.) 

Accordingly, we begin our formal defini- 
tions with our basic criterion of natural 
monopoly which is given by 


DEFINITION 1: Strict and Global Subad- 
ditivity of Costs. A cost function C(y) is 
strictly and globally subadditive in the set 
- ofcommodities N = 1,...,”, if for any m 
output vectors F!,..., y” of the goods in N 
we have 


C(y! 4...4 p™ < CCy') +...4 CU”) 


This is clearly the necessary and sufficient 
condition for natural monopoly of any out- 
put combination in the industry producing 
(any and all} commodities in N, for subad- 


3For a fundamental article covering ground related 
to much of the subsiance of this paper see Peter New- 
man. For illuminating discussions of some of the 
definitional preblerms in this area and some related 
matters see also Giora Hanoch (1970, 1975) and also 
_W. W. Sharkey and L. G. Telser. 

4See, for example, Richard Posner. Gerald Faul- 
haber (1975a) has shown with the aid of ingenious and 
illuminating counterexamples that the two conditions 
are not equivalent; specifically that condition a) does 
not imply satisfaction of condition b). Baumol, Eliza- 
beth Bailey, and Robert Willig have demonstrated the 
converse—that b) does imply a). 
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ditivity means that it is always cheaper to 
have a single firm produce whatever combi- 
nation of outputs is supplied to the market, 
and conversely, 

Of course, it is possible that for some out- 
put vectors an industry will. be a natural 
monopoly while for others it will not. In 
such a case we have output-specific subad- 
ditivity, meaning that the pertinent output 
vector y* is produced more cheaply by one 
firm than by any combination of smaller 
firms. 

We must also define precisely the other 
pertinent cost attributes, all of which ac- 
quire somewhat novel features in an 
n-product firm or industry. We begin with 


DEFINITION 2: Strict Economies of Scale 
in the production of outputs in WN are 
present if for any initial input-output vector 
(X1,---5%,,¥i,--->¥n) and for any w> l, 
there is a feasible input-output vector? 
(WX1, 6-65 WX Vi Yis -e-o YaYn) Where all v; > 
w+ 6,6 > 0. a 


This definition in effect tests for scale 
economies by considering any w-fold expan- 
sion in all input quantities, and requiring 
that it permit at least a w + 6-fold propor- 
tionate increase in each output. Note that if 
the production function is not homothetic 
the firm may not wish to expand its input 
usage proportionately, and depending on de- 
mand relationships, it certainly may not 


want to increase its outputs proportionately. 


Thus, our criterion of scale economies is ex- 
pressed entirely in terms of hypothetical in- 
creases in input and output quantities along 
rays in input and output spaces, respec- 
tively. 

Declining average costs, a concept usu- 
ally associated with scale economies, is.not 
so readily extended to a multiplicity of out- 
puts. The problem, of course, is that if out- 
puts do not expand proportionately we do 
not know how to define an index of aggre- 
gate output by which to divide total cost, 
nor do we have any way of apportioning 


51 write w rather than v to allow for the case wher" 


proportionate expansion of outputs is not possible. If 
we assume free disposal then there is no need to do so, 
since if the percentage increases in some outputs were 
to exceed w + 6 we could simply get rid of the excess. 


A. 
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joint and common costs so as to calculate 
an average cost, item by item.® For our pur- 
poses, however, it will suffice to deal only 
with the special case in which output quan- 
tities all happen to vary proportionately but 
input quantities follow the least-cost expan- 
sion path, which in general does not involve 
proportionate changes in input quantities. 
Accordingly, we formulate 


DEFINITION 3: Ray Average Costs (RAC) 
are Strictly declining when 


(1) C(vyi,. ++. VYn)/Y 
< C(wy,,...,Wy,)/w for v > w 


where v and w are measures of the scale of 
output along the ray through 


Va (Yis---3Yn) 


As Definitions 2 and 3 clearly show, scale 
economies and declining average costs in 
the sense we have used it, are both ray- 
specific properties. We will use one other 
ray-specific property: 


DEFINITION 4: Ray Concavity. A cost 
function C( y) is strictly output-ray concave 
(marginal costs of output bundles every- 
where decreasing) if 


(2) Clkyy + (lL — k)yy} > kCviy) 

+ (1 — k)C(vy) 
for any 
0O<k <1 


This definition can be extended in an ob- 
vious way to m rather than two output vec- 
tors. The parameters v, and v, simply assure 
us that vy and v,y are two output vectors 
that lie on the same ray (their outputs are 
proportional). The parameter k plays its 
usual role in the standard definition of con- 
cavity. 

In the n-output case we must also have a 
way of characterizing the behavior of costs 
as output proportions vary. One pattern of 
such “‘transray” behavior will prove critical 


Vi, V2 > 0, VI = V2, 


6However, there is a natural extension of the con- 
cept of declining average variable cost of one indi- 
vidual product to the multioutput case. See the author 
(1976). 
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for our analysis. This concept is perhaps 
best described as a new formal interpreta- 
tion of the phenomenon of complementar- 
ity in the production of the various goods 
and services supplied by the firm. We call a 
cost function transray convex at output vec- 
tor y = (Yi,..-,Yn) If along at least one 
hyperplane through y, 2wiy; = w, a 
weighted average of the costs of producing 
separately any two output vectors on this 
hyperplane is no less than the cost of pro- 
ducing any weighted average of those two 
outputs together. That is, in geometric 
terms, a total cost function is transray con- 
vex at y if along some negatively sloping 
cross section through y in output space, 
costs are lower (no higher) toward the in- 
terior of the cross section than they are to- 
ward its edges (curve C*C*’ in Figure 4b), 
so that it is no more expensive to produce 
goods in combination rather than sepa- 
rately. More formally: 


DEFINITION 5: Transray Convexity. A 
cost function C(y) will be called transray 
convex through y* = (y¥,..., y#) if there 
exists any set of positive constants W,,....W,, 
such that for every two output vectors y? = 
(Via; sae »Yna)s y’ = (Yio eet »Ynb) lying in 
the same hyperplane È w; y; through y*, that 
is, for which 30; Wi Via = Lis Wi Vin = Lei Wid, 
we have 
(3) Clky? + (1 — k)y’] < kC(y’) 

+ (1 — k)C(y*) 


for any k, O<k<1 

This concept is closely related to what 
Panzar and Willig have named “economies 
of scope,” in contradistinction to economies 
of scale. 

Together, the concepts of strictly declin- 
ing ray average costs and thai of transray 
convexity turn out to be an extremely 
powerful combination offering us a new 
characterization of a cost function that is 
well behaved for a number of analytical 
purposes. We will see later (Proposition 12) 
that they are sufficient for subadditivity of 
costs. Moreover, in a closely related paper 
(Baumol, Bailey, and Willig), it is shown 
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that these go far toward giving us condi- 
tions sufficient for the existence of some 
monopoly prices that are sustainable 
against entry. It may be suspected that they 
will prove to have many other analytical im- 
plications. 


III. Some Interrelationships 
Among the Cost Concepts 


Having comple-ed the tedious task of 
definition of our concepts, I can now sum- 
marize their relationships briefly, indicating 
which of them implies which. This is done 
in outline in Figure 1 which shows that 
global scale economies and decreasing ray 
average costs imply subadditivity along a 
ray, but that the former are not necessary 
for the latter. Moreover, they are neither 
sufficient nor necessary either for strict and 
global subadditivity, or for strict and 
output-specific subedditivity, the require- 
ments for natural monopoly in an n-product 
industry. 


COST STRICTLY 
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We now proceed to prove some of the 
propositions underlying Figure 1. Before 
turning to the central issue of subadditivity 
we must explore briefly a few relationships 
among scale economies, ray concavity, and 
declining ray average costs. Among these 
cost concepts, scale economies occupies a 


‘ position by itself, because all the others 


assume that inputs adjust optimally to out- 
put changes, that is, inputs are taken to fol- 
low along the expansion path of least costs. 
On the other hand, the concept of scale 
economies requires inputs to change pro- 
portionately, and in general, this will not 
minimize the cost of an expansion. (See, for 
example, Hanoch, 1975.) Thus, if unit cost 
decreases when inputs are increased propor- 
tionately, they must certainly decrease along 
the least cost expansion path. This should at 
least suggest the logic of a result which I 
have proven elsewhere (1976): 


PROPOSITION 1: Strict economies of scale 
are sufficient but not necessary for ray aver- 
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age cost to be strictly declining. 


We also have a relation between strict 
concavity and ray average costs: 


PROPOSITION 2: Strict ray concavity (de- 
clining marginal cost) of the cost function 
C(y) and C(0) = 0 after subtraction of any 
fixed costs, are sufficient but not necessary 
for ray average costs to decline. 


PROOF: . 
By the definition of strict ray concavity 
we have by (2) for y; = 1, vyz = 0, 


(4) Clky) > kC(y) for 0<k <1 


which is criterion (1) of declining ray aver- 
age cost. 

Since it is well known that average costs 
can fall even when marginal costs are rising 
(nonconcavity in total cost), the result fol- 
lows. 


IV. Ray Subadditivity and its Relation 
to Other Cost Attributes” 


Since subadditivity is the defining attri- 
bute of a natural monopoly, the heart of 
our task consists in the analysis of this 
property and its relation to the other cost 
attributes. The next few sections deal with 
scale behavior—subadditivity along a ray— 
leaving the true multiproduct case until 
later, First we prove 


PROPOSITION 3: Strictly declining ray 
average cost implies strict ray subadditivity. 


PROOF: 

Consider the n output vectors vy, y,...,¥,¥ 
along the same ray, all y; > 0. By the defini- 
tion of ray average costs that are strictly 
declining 


(3) C(2y,y)/Zy; < C(y,y)/¥; 
-~ A) 


Consequently, C(2v,y)/2v, is less than a 


7A number of results in this section were first de- 
rived by Faulhaber (1975b). 
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weighted average of the C(v,y)/¥, i.e., 


C(Zv;y) Da Ciy) _ 2C(yy) 
Zy; ZV; v ZV; 


which immediately yields our subadditivity 
result 


C(2yy) < EC(v;y) 


It also foilows from Propositions 2 and 3 
that strict ray concavity, along with 
C(0) = 0, is sufficient for strict ray subad- 
ditivity. However, as I will show now, the 
converse does not hold—ray subadditivity 
is not sufficient either for ray concavity, or 
for declining ray average cost. 

It is easy to produce the necessary coun- 
terexamples to prove this negative result— 
cost functions that are strictly ray subad- 
ditive and yet not ray concave throughout, 
and for which ray average cost does not de- 
cline throughout. An extreme case is shown 
in Figure 2a—the piecewise-linear cost 
function OABDC, This is clearly not con- 
cave, as is shown by the portion of the cost 
curve which lies below line segment WS. 
Similarly, average cost increases along part 
of the cost curve: output y, is greater than 
y,, yet the slope of ray OS is greater than 
the slope of OR so that ray average cost at 
y, is greater than ray average cost at y,. 

To complete the argument I must now 
show that the cost function is strictly subad- 
ditive. A moment’s consideration shows 
why this is so. In the case depicted, total 
cost for any output produced by one firm 
alone cannot exceed OA + BD. Similarly, 
total cost of any output produced by two or 
more firms in any way cannot be less than 
2(OA), the fixed costs of two firms together. 
Since in our cost function OA > BD, we 
have: total cost of any output by a single 
firm <OA + BD < 2(Q4A) < total cost of 
production by more than one firm. 

We have thus proved by counterexample 
our desired result: 


PROPOSITION 4: Neither ray concavity 
nor ray average costs that decline every- 
where are necessary for strict subadditivity. 


We may note also that while the extreme 
case shown in Figure 2a makes the proof 


5: 





814 THE AMERICAN ECONOMIC REVIEW 
TOTAL 
COST 
S 
B; 
O Y Y; y 
(a) 


DECEMBER 1977 





(b) 


FIGURE 2 


easier, less restrictive counterexamples are 
easy to supply. By including a series of steps 
in the graph of the cost function instead of 
the single step of Figure 2a, one can clearly 
produce a subadditive cost function in 
which average costs are rising at a number 
of intervals. Morzover, as Figure 2b illus- 
trates, intervals of rising ray average costs 
are compatible with a completely smooth 
cost function that is strictly subadditive. 
From Propositions 3 and 4, and since by 
Proposition 1 eccnomies of scale are suff- 
cient for decreasing ray average costs, we 
immediately have the following key result: 


PROPOSITION 5: Global scaie economies 
are sufficient but not necessary for (strict) 
ray subadditivity, the condition for natural 
monopoly in the production of a single prod- 
uct or in any bundle of outputs produced in 
fixed proportions. 


V. On Characterization of Ray Subadditivity 


Before going further it is appropriate to 
say something about the characteristics of 
subadditive (cost) curves. We have seen that 
they need not be concave, nor need they 
exhibit declining average costs. What then 
do they look like in general? Three neces- 
sary conditions for subadditivity in a two- 
dimensional graph may offer the reader 
some of the pertinent flavor. First we have 


PROPOSITION 6: Strict subadditivity along 


a ray implies that for any output vector, y, in 
that ray, C(y)-< vC(y/v¥) for y any inte- 
ger > 2. That is, for any such integer v, ray 
average cost must on the average decrease 
over the interval between y/v and y. 


This result follows from the definition of 
subadditivity which requires, for example, 
for v = 3, that C( y) < C(y/3) + C(y/3) + 
C(y/3) = 3C(y/3) and a similar expres- 
sion obviously holds for any other integer 
value of v. Thus, in Figure 3a the height of 
our cost curve at output y* is C*. This gives 
us C*/2, C*/3, C*/4, etc., as respective 
floors for total costs for outputs y*/2, 
y* /3, y*/4, etc., as indicated by the heights 
of the vertical line segments. If the cost 
function is to be subadditive, then at output 
level y*/2 total cost must be represented by 
some point such as D which is above C*/2, 
and the analogous observation applies to 
points B and A. 


PROPOSITION 7: If a function C(y) is 
strictly subadditive, nonnegative and increas- 
ing in value along a ray, then either c(Q) > 0 
or the function must be strictly concave for.y 
in the neighborhood of the origin. 


For suppose C(0) = 0, writing k = 
i/v < i in Proposition 6 we have kC(y) < 
C(ky) in the neighborhood of k = 0. But , 
kC(y) = (1 — KCO) + kC(y) and € 
C(ky) = C(I — k)O + ky]. Consequently, 
in the limit as k approaches zero we must 


VOL. 67 NO. 5 





BAUMOL: NATURAL MONOPOLY 815 





FIGURE 3 


satisfy the requirement of strict concavity 
- (1 — k) C(O) + kC(y) < Cl — k)0 + ky] 


A third necessary condition for subad- 
ditivity is given by 


PROPOSITION 8 (Dietrich Fischer): Jf 
C(y) is strictly subadditive along a ray and 
y* is any particular output vector on that ray, 
with C(y*) = C*, then the graph of 
CC y* — Ay) in the interval y*/2 < y* — 
Ay < y* must everywhere lie above the in- 
verted? mirror image of C(Ay) in the interval 
O < Ay < p*/2. That is, since by subadditiv- 
ity C(y* — Ay) + C(Ay) > C(y*), then 


(6) C(y* — Ay) > C(y*) - C(Ay) 


As (6) shows, Proposition 8 follows di- 
rectly from the definition of subadditivity. 
Condition (6) also tells us, incidentally, that 
with subadditivity the increment in total 
cost resulting from an addition Ay to an 
output, must be less than the cost C(Ap) of 
producing that addition all by itself (its 
“stand-alone cost”). 

Figure 3b indicates more explicitly the 
. graphic implications of Proposition 8. Let 
the total cost curve in the interval between 


8The center of inversion is the point ( y*/2, C*/2). 


y=0 and y = y*/2 be OABDE. Now 
starting from C*, the cost corresponding 
to y*, draw (backwards) the curve 
E’ D' B'A'C* which is the “upside-down” 
mirror image of OABDE. For example, 
with concave arc OA curving upward and to 
the right from O, are C*A' will be convex 
and curve downward and to the left from 
C*. Now, Proposition 8 requires that the 
actual cost curve over the interval between 
y*/2 and y* (dotted curve EC*) must 
everywhere lie above E’ D' B'A'C*. 

This requirement is designed to assure us 
that the “incremental cost” JC* of adding 
output Ay to output y* — Ay is less than 
the stand-alone cost OS of producing out- 
put Ay by itself, since, by construction, 
OS = S'C* > 1C*, 


VI. Some Implications for Evidence 
on Natural Monopoly 


Propositions 6, 7, and 8 show that to test 
whether subadditivity is satisfied just at a 
particular output level, y*, we can not exam- 
ine only the cost curve in the vicinity of y*. 
Because a claim of natural monopoly as- 
serts that production by a single firm is 
cheaper than it would be in the hands of 
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any and every possible combination of 
smaller firms, we must know the behavior 
of the cost curve throughout its length in 
the interval between the origin and y*. This is 
a rather difficult srospect for those who 
bear the burden cf proof of the presence 
or absence of natural monopoly! 


On the other hand, Propositions 4 and 5- 


imply that the tests sometimes suggested to 
evaluate the cost advantages or disadvan- 
tages of monopoly have in another respect 
been excessively demanding. In a number 
of regulatory hearings, much stress has been 
placed on the allegation that the regulated 
firm in question had reached a size where 
“economies of scale have been exhausted,” 
implying that since output is now being 
produced under constant ray average and 
perhaps marginal costs, several firms can 
provide it as cheaply as one. But this is 
simply not true in general (on this see, for 
example, Seneca). Indeed, it is easy to see 
that single firm production will always be 
cheaper so long as average costs decline 
strictly monotonically up to any output 
(y*/2) + A for any A > 0 and are level 
thereafter, where y* is total industry pro- 
duction. For if two more firms were to pro- 
vide the commodity instead, at least one 
such firm must produce no more than half 
of industry output and must therefore incur 
average costs greater than the minimum 
average cost attainable. That is, 


PROPOSITION 9: A condition sufficient for 
strict and output-specific subadaditivity along 
a ray ts that, with y* the given output vector 
of the industry, ray average cost declines 
strictly throughout the interval between zero 
and y*/2 + A for some A > Q, and that it 
declines or remains constant in the interval 
to the right of y*/2 + A and through y*. 


VII. Transray Behavior 
and Multiproduct Subadditivity 


From the single product case, we turn 
finally to the conditions under which a 
single firm is the most efficient supplier of 
all the products provided by some industry 
or at least of some specified subset of those 
outputs. 
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Since scale economies refer only to the 
technical gains from increases in volume of 
output rather than those accruing from pro- 
duction of several goods together, it is ob- 
vious that by themselves they cannot tell us 
whether it is cheaper to produce two differ- 
ent output bundles separately or together. 
The issue is one relating to the behavior of 
the cost function from one output ray to 
another, rather than along any one ray. It 
is therefore naturally to be suspected that 
evidence of the presence of scale economies 
will be insufficient to guarantee what we 
may refer to as transray subadditivity. 

If that were all there is to the matter, the 
insufficiency of scale economies for natural 
monopoly might seem a trivial and uninter- 
esting observation. But there is more to the 
issue. 

The obvious extension of the concept 
of scale economies to the entire cost func- 
tion is concavity. Concavity is, after all, a 
rather strong assumption. But it is easy to 
show that even strict concavity 1s neither 
sufficient nor necessary for subadditivity in 
an n-product cost function. First we show: 


PROPOSITION 10: Strict concavity of a 
cost function is not sufficient to guarantee 
subadditivity. 


PROOF by counterexample:? 
Consider the cost function in two outputs 


O<a<l 
0<k<1/2 


C= yi + yf» + 73 


Since the sum of several concave functions 
is itself concave, it is clear that the cost 
function is strictly concave because of the 
values of k and a. However, we have for 


91 am indebted for this counterexample to Dietrich 
Fischer. It may seem at first that a case of super- 
additivity such as that in the example cannot occur in 
reality since the firm which finds it more expensive to 
produce two items together will turn them out sep- 
arately (in different plants). But administrative and 
communication costs can still make it more expensive 
to produce this way than in two totally independent 
firms. That is why, in reality, some industries are 
characterized by many small firms, each with their dif- 
ferent specializations. The cost functions are such that 
the giant multiproduct firm just cannot compete. 


as 
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example, for yř = p¥ = |: 


C(yf,0) = 1 C(O, y¥) = 1 
C(yf yt) = 3 > CC y¥,0) + CO, y¥) = 2 


Hence the function is not subadditive. 
We also have immediately the basic re- 
sult 


PROPOSITION 11: Scale economies are 
neither necessary nor sufficient for subad- 
ditivity. 


Nonnecessity was already proved in 
Proposition 5. To show insufficiency we 
need merely take the production function 
implicit in the preceding example to involve 
a single input (whose quantity is x) and 
whose price p is fixed. Then substituting 
C = px into the cost function we see that it 
obviously exhibits scale economies through- 
out even though it is not subadditive. 

It must be emphasized that this ex- 
ample does not represent some sort of 
pathological exception. Rather, as we will 
see next, strict concavity of a cost function 
involves an attribute which works in the 
direction opposite to that called for to yield 
transray subadditivity. 

The main issue is what sorts of departure 
from concavity favor subadditivity? The an- 
swer is suggested by Figures 4a and 4b. 
Figure 4a depicts a cost function repre- 
sented by surface OCC’ which is strictly 
concave and exhibits scale economies 
throughout. Three cross sections along rays 


Ra, Rb, and Re show the characteristic ` 


concave shape and, hence, the declining 
average costs which we have seen to suffice 
for subadditivity along a ray. 

However, despite the concavity and the 
presence of scale economies, the cross sec- 
tion CABDC’' taken across these rays tells 
quite a different story. Because its lowest 


. points are reached at the y, and y, axes, 





this concave transray cross section favors 
production of commodities in isolation. 
That is, it makes for increased cost of pro- 
duction using common facilities. This is 
precisely the opposite of what is wanted for 
transray subadditivity (or for an interior 
cost minimum along a fixed iso-revenue 
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curve, as is indicated by Figure 4c, the iso- 
cost map corresponding to Figure 4a). 
Rather, subadditivity is favored by a cost 
function which, because of complementar- 
ity in production, is shaped like that in 
Figure 4b whose transray cross section 
C* A* B* D* C*' reaches its lowest points in 


-the interior of the diagram where both com- 


modities are produced together. The cor- 
responding iso-cost map (Figure 4d) is ob- 
viously also conducive to an interior cost 
minimum along an iso-revenue locus. 

We come now to our key result: 


PROPOSITION 12: Ray average costs that 
are strictly declining and (nonstrict) transray 
convexity along any one hyperplane Èw, y; = 
w, w; > O through an output vector y are 
sufficient to guarantee strict output-specific 
subadditivity for output y. 


PROOF: 

The result has already been proved in 
Proposition 3 for the division of y into any 
y*, y? which lie in the same ray. It there- 
fore only remains to prove for any y" + 
y=y 
Cy? + y’) < Cy) + Cy”) if yf = wy? 


By the definition of ray average costs that 
are strictly declining we have for any v > | 


(7) yvC(y) > Cry) 


Let w,,..., W, be any vector of positive con- 
stants defining the cross section along which 
y satisfies Definition 5 of transray con- 
vexity. Now define! v,, Vp by Va WiYia = 
LWiViq + LWiVin = Ve 2W Vi, and set 


(8) k = i/v, 
so that 


I/vy, = 1 ~ L/w = (l — k) 


10As is illustrated in Figure 5, the purpose of multi- 
plying all the elements of y? and y” by v, and vp, re- 
spectively, is to expand each of these outputs along its 
own ray until it is on the same hyperplane of transray 
convexity Dw;y; = w, which contains point y? + y’. 
That then permits us to apply Definition 5 of strict 
transray convexity to the three points y y", % y”, and 
y’ + yË, to show that the cost of the latter does not ex- 
ceed a weighted average of the costs of the former. 
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FIGURE 4 


then by (7) and (3) in Definition 5 
kv,C(y*) + (1 — k)¥,C(y’) > kC(vay") + 
(i — k)C(y,y’) = Cikv,y? + (1 — k)yy?] 


or since ky, = (1 — k)v, = 1 by (8) we have 
our subadditivity result 


C(y*) + Cly’) > CO + y’) 


Note that the proof does not require 
strict transray convexity, but it does have to 
assume that ray average costs are strictly 


declining over part of the region since the 
proof of Proposition 3, which is subsumed 
here, does require the latter. If, along the 
ray containing the industry output vector, 
average costs were not strictly declining, for 
example, if they increased proportionately . 
with output, then. several smaller firms 
might be able to produce the industry 
output vector at the same total cost as a 
monopolist. But, as Proposition 9. shows, 
the region in which ray average costs are 
strictly decreasing must only extend by any 


LAN 
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small amount beyond the midpoint of the 
ray between the origin and the outermost 
portion of the ray that is being tested for 
subadditivity. __ 

‘The reason we do not need strict transray 
convexity also indicates why the conditions 
of Proposition 12 are not necessary for sub- 
additivity. Let y be the vector sum of two 
‘output vectors y“ and y’. Then y will be 
_ further from the origin than either y” and 
y®, and it will lie on a ray between the two. 
That is, it involves a larger scale than either 
. of the component véctors as well as simul- 
taneous production of the different com- 
-modities they include. Thus, even if there is 
no complementarity in the sense of strict 
‘transray convexity, if économies of scale 
are sufficiently strong, production of y by a 
single firm may still be the least expensive 
way to carry out the task.!! 

The fact that the conditions of Proposi-' 
tion 12 are not necessary implies that other 
and, perhaps, more familiar sufficient cost 
conditions for subadditivity may yet be 


‘Indeed, it can be shown that mild transray con- 
cavity can be compatible with subadditivity—the more 
rapid the rate of decline of ray average costs, the 
greater the permissible degree of concavity. The proof 
is a Straightforward extension of the proof of Proposi- 
tion 12. It can also be shown ‘that if some outputs (or 
every output) in the industry product mix have their 
own fixed cost levels (a violation of transray con- 
.vexity at the axes), then the cost function wili still be 
subadditive if the conditions of Proposition 12 hold 
` for the variable cost. The reason is that such fixed costs 
are always subadditive, and summation of two func- 
tions, one subadditive and the other strictly sub- 
additive, always yields a strictly subadditive function. 
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found. It should be noted, however, that 
this may not be an important issue for em- 
pirical work in which data are likely to be 
analyzed with the aid of relatively simple 
mathematical forms for the cost function, 
whose subadditivity (or its absence) can be 
judged more directly. 


VHI. Concluding Comment 
& 
The implications of the results of the pre- 
ceding section should not be underesti- 
mated. [t may seem as though ray subaddi- 
tivity by itself is enough to constitute 


` evidence for the presence of significant ele- 


ments of natural monopoly in an industry 
and that transray subadditivity is little more 
than a bit of supplementary information. 
More specifically, it may seem that while 
transray subadditivity is required for natu- 
ral monopoly in the production of several 
commodities together, ray subadditivity by 
itself gives us the essence of the natural 
monopoly, for then each good is still pro- 
duced most cheaply by a single firm. 

But that conclusion is quite misleading. 
To illustrate the point, suppose that the in- 
dustry in question produces two commodi- 
ties y, and y,, and that, as in the case of Fig- 
ure 6, a transray cross section has a number 
of minima. Then, despite strictly declining 
ray average costs, it can be cheapest for 
production to be carried out simultaneously 
by two or more firms. Though each firm 
will have a “monopoly” of production of 
the output proportions corresponding to its 
own ray, each will be producing the same 
commodities as the others. What sorts of 
monopolies would these really be if one 
were to “specialize” the production of y, 
and y, in a 50-50 ratio. and another in a 
45-55 ratio? Each firm would be producing 
the same two goods, only in (slightly?) dif- 
ferent proportions, and that is surely no 
monopoly at all. In other words, evidence of 
strict ray subadditivity is, by itself, evidence 
of virtually nothing of substance so far as 
natural monopoly is concerned. It is consis- 
tent with the presence of a large number of 
firms in a cost-minimizing arrangement for 
the industry, and only requires slight dis- 
Similarities in their product mix. It should 
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FIGURE 6 


be noted that this is no extraordinary or 
pathological state of affairs. On the con- 
trary, it is frequently found in multiproduct 
oligopoly industries in reality.!* 

We may note, finally, that though our 
natural monopoly criteria do not make for 
easy empirical testing, it is by no means 
unmanageable. Thus, as part of our re- 
search project on the cost of information 


'21t can be proved that if the cost function is ray 
concave everywhere but not subadditive, then the 
number of firms that minimize the cost of producing 
the industry output vector will never exceed n, the 
number of different procucts supplied by the industry. 
This by itself means that in most multiproduct in- 
dustries even where costs satisfy the ray concavity re- 
quirement (which is stronger than the conventional 
concept of scale economies) it is perfectly possible to 
have dozens of firms corresponding to the dozens of 
products supplied by the industry. Nor need these 
_firms specialize in the production of single products. 
Rather, it may be optiral for them to operate along 
rays in the interior of product space, depending on the 
transray behavior of the cost surface, as is indicated in 
Figure 6 where it may cbviously be more economical 
for two firms to operate at the low points of the scal- 
loped cross sections than above the axes. Moreover, 
if, on the usual (but net quite accurate) criterion of 
scale economies, the cost function has declining ray 
average costs but is not concave everywhere, then the 
cost-minimizing number of firms can even exceed the 
number of products of the industry. Examples showing 
this, and other proofs urderlying this discussion, were 
provided by Thijs ten Raa and Dietrich Fischer. These 
materials are presented in the Appendix (Propositions 
13 and 14). 
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supply, we have already found-+t possible 
with the aid of Proposition 12 to tarry out 
tests of the hypothesis that there is subad- 
ditivity in the provision of a numberof 
scientific journals by a single publisher (see 
the author and Braunstein). x 
APPENDIX 


On the Cost-Minimizing Number of Firms 
When Ray Average Costs Decline 


I conclude with two propositions which 
indicate how much (or how little) we know 
about the natural number of firms in an in- 
dustry, given information only about cost 
behavior along each ray (economies of 
scale) but no information on transray cost 
behavior (economies of scope) (see also the 
author and Fischer). 


PROPOSITION 13 (Thijs ten Raa): If the 
cost function is strictly output-ray concave, 
then the optimal number of firms cannot ex- 
ceed n, the number of commodities produced . 
by the industry.” 


PROOF: 

It is sufficient to prove that for every 
(n + 1)-tuple of output vectors y!, ... , y7*! 
there exists a cheaper n-tuple of output 
vectors with the same total output. Because - 
in n-dimensional space any n + 1 vectors 
are linearly dependent, y!,..., y”*! must be 
linearly dependent. Hence, one of them, 
say, without loss generality y"*+! is a linear 
combination of the others: 


n 
y"! = > C,y', -C; > 0, notall zero 


ia] 


. l 
L À -= 
et o, un ( + 5) 


then 
viefi,... nk} (i + C; = AC) y', 
Ayrtl eR + 





3The proposition holds even if the concavity is not 
strict, provided there is no degeneracy in the sense 
used in linear programming. 
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and the sum of these n + 1 vectors equals 


Let (C ~ AC) yi + > Ciy’ = 


i=! 
n n+l 


2y +2 Ciy’ = Dy! 


i=l iz} 


- Cis output ray concave, hence 
Viefl,...,a}: C{(l + C; — AC) y} 


_ isaconcave function of à and so is C(Ay"*?), 
Hence l 


n 
dD CiU + G = ACY’) + CA) 
isl 
is a concave function of A. Hence its min- 
imum occurs at one of the end points of X’s 
range, that is, at 


he = A Vez: i 
ae orà = min (+ Z) P 


for some jefl,... n} 


When à = 0, then the (n + 1)th firm does 
not produce anything. When A = 1 +:1/ 
C;, then the j th firm does not produce any- 
thing. In either case only n firms are left, 
producing the industry output more cheaply 
than when A = 1l under which we have the 
original outputs y',..., y"*'. However, 


PROPOSITION 14 (Raa and Fischer): 
Declining ray average costs alone do not 
preclude the optimality of a number of 
firms larger than the number of products 
supplied by the industry. 


PROOF: 

The following is an example in which it is 
optimal to have three firms producing two 
commodities when ray average costs are 
(not strictly) declining and there are no 
fixed costs.'* Let 


ye (i + M3, a) 


144Note that the addition of any positive fixed cost 
will make the ray average costs decline strictly, without 
affecting the example. 
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and, to simplify the argument (letting us 
deal with only three rays in output space) 
let C be such that production is relatively 
cheap along rays involving three particular 
output bundles 


(y, =0,y, = 0 and y, = V3y,) 


but prohibitively expensive along all other 
rays. In addition, let the cost function sat- 
isfy 


yı v3 
c| > 





a) = 2y, for y2 0 


C0, y) = V3 y, for y; > 0 
C(y;,0)= y, for y2 l; v3 -1 
V3 


<c(-%B,o} <1 


C(y1,0) is linear for re(0.1 z 3 


and for yy, i -Z, l 


Then y/is produced more cheaply by 
y’ = (1,0), y? = £, ) and y? = (0,1) 


To show this, because of the linearity of C, 
it is sufficient to show that (y!, y? y?) is 
cheaper than 


C- 
(+290 


the two pairs of output vectors capable of 
producing y/. Thus: 


C(y') + C(y’) + C(y*) = 1 +2 
+V¥3=34+V% 
ch - X30) + (24,2) 
>V¥3-14+42+34 v3 
chi + 3B 0) + c01 


3 EJ 


3 
+2v5~14(24) V3 >3 + v3 


and 
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Comparative Advantage, Trade, and Payments 
in a Ricardian Model with a Continuum of Goods 


By R. DORNBUSCH, S. FISCHER, AND P. A. SAMUELSON* 


This paper discusses Ricardian trade and 
payments theory in the case of a continuum 
of goods. The analysis thus extends the de- 
velopment of many-commodity, two-coun- 
try comparative advantage analysis as pre- 
sented, for example, in Gottfried Haberler 
(1937), Frank Graham (1923), Paul Samuel- 
son (1964), and Frank W. Taussig (1927). 
The literature is historically reviewed by 
John Chipman (1965). Perhaps surprisingly, 
the continuum assumption simplifies the 
analysis neatly in comparison with the dis- 
crete many-commodity case. The distin- 
guishing feature of the Ricardian approach 
emphasized in this paper is the determina- 
tion of the competitive margin in produc- 
tion between imported and exported goods. 
The analysis advances the existing literature 
by formally showing precisely how tariffs 
and transport costs establish a range of 
commodities that are not traded, and how 
the price-specie flow mechanism does or 
does not give rise to movements in relative 
cost and price levels. 

The formal real model is introduced in 
Section I. Its equilibrium determines the 
relative wage and price structure and the 
efficient international specialization pattern. 
Section IJ considers standard comparative 
static questions of growth, demand shifts, 
technological change, and transfers. Exten- 
sions of the model to nontraded goods, 
tariffs, and transport costs are then studied 
in Section IH. Monetary considerations are 
introduced in Section IV, which examines 
the price-specie mechanism under stable 
parities, floating exchange rate regimes, and 
also questions of unemployment under 
sticky money wages. 


*Massachusetts Institute of Technology. Helpful 
comments from Ronald W. Jones are gratefully 
acknowledged. Financial support was provided by a 
Ford Foundation grant to Dornbusch, NSF GS-41428 
to Fischer, and NSF 75-04053 to Samuelson. 
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I. The Real Mode! 


In this section we develop the basic real 
model and determine the equilibrium rela- 
tive wage and price structure along with the 
efficient geographic pattern of specializa- 
tion. Assumptions about technology are 
specified in Section IA. Section Is deals with 
demand. In Section Ic the equilibrium is 
constructed and some of its properties are 
explored. Throughout this section we as- 
sume zero transport costs and no other im- 
pediments to trade. 


A. Technology and Efficient 
Geographic Specialization 


The many-commodity Ricardian mode! 
assumes constant unit labor requirements 
(a,,...,a@,) and (a¥,...,a*) for the n com- 
modities that can be produced in the home 
and foreign countries, respectively. The 
commodities are conveniently indexed so 
that relative unit labor requirements are 
ranked in order of diminishing heme coun- 
try comparative advantage, 


af fa, >...>...> aF fa; >...> ak /a, 


where an asterisk denotes the foreign coun- 
try. 

In working with a continuum of goods, 
we similarly index commodities on an inter- 
val, say [0, 1], in accordance with diminish- 
ing home country comparative advantage. 
A commodity z is associated with each 
point on the interval, and for each com- 
modity there are unit labor requirements in 
the two countries, a(z) and a*(z), with rela- 
tive unit labor requirement given by 


_ a) 


~ a(z) 


The relative unit labor requirement function 
in (1) is by strong assumption continuous, 


(1) A(z) A'(z) <0 
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and by construction (ranking or indexing of 
goods), decreasing in z. The function A(z) 
is shown in Figure | as the downward slop- 
ing schedule. 

Consider now the range of commodities 
produced domestically and those produced 
abroad, as well as the relative price struc- 
ture associated with given wages. For that 
purpose we define as w and w* the domestic 
‘and foreign wages measured in any (com- 
mon!) unit. The home country will eff- 
ciently produce all those commodities for 
which domestic unit labor costs are less 
than or equal to foreign unit labor costs. 
Accordingly, any commodity z will be pro- 
duced at home if 


(2) a(z)w < a*(z)w* 
Thus 
(2') w < A(z) 


where (3) defines the parameter w, funda- 
mental to Ricardian analysis, 


(3) o = w/w - 


This is the ratio of our real wage to theirs 
(our “double-factoral terms of trade”). It 
follows that for a given relative wage w the 
home country will efficiently produce the 
range of commodities 


(4) 0 <z < Zw) 


where taking (2’) with equality defines the 
‘borderline commodity z, for which 


(5) Z= A7'(w) 


A7'( ) being the inverse function of A( ). 
By the same argument the foreign country 
will specialize in the production of com- 
modities in the range 


(4') Zw) <z < | 


The minimum cost condition determines 
the structure of relative prices. The relative 
price of a commodity z in terms of any 
other commodity z’. when both goods are 
produced in the home country, is equal to 
the ratio of home unit labor costs: 


(6) P(z)/P(2') = wa(z)/wa(z') 
= a(z)/a(z'); 


rir 
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The relative price of home produced z in 
terms of a commodity z” produced abroad 
is by contrast 


(7) P(2)/P(") 


I 


wa(z)/w* a*(z”) 


wa(z)/a*(z"); 


Ze Ze g" 


In summarizing the supply part of the 
model we note that any specified relative 
real wage is associated with an efficient geo- 
graphic specialization pattern characterized 
by the borderline commodity z(w) as well as 
by a relative price structure. (The pattern is 
“efficient” in the sense that the world is out 
on, and not inside, its production-possibil- 
ity frontier.) 


| B. Demand 


On the demand side, the simplest Mill- 
Ricardo analysis imposes a strong homo- 
thetic structure in the form of J. S. Mill or 
Cobb-Douglas demand functions that asso- 
ciate with each ith commodity a constant 
expenditure share, b;. It further assumes 
identical tastes for the two countries or uni- 
form homothetic demand. ; 

By analogy with the many-commodity 
case, which involves budget shares 


b; P,C,/Y b; = b* 
>, b; 
l 


We therefore prescribe for the continuum 
case a given b(z) profile: 


(8) b(z) = P(z)C(z)/Y > 0 
b(z) = b*¥(z) 


J oe) dz 


where Y denotes total income, C demand 
for and P the price of commodity z. 

Next we define the fraction of income 
spent (anywhere) on those goods in which 
the home country has a comparative advan- 
tage: 


(9) 9(Z) + : b(z)dz > 0 
9 
9'(3) = b(3) > 0 


il 


l 


l 
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where again (0, z) denotes the range of com- 
modities for which the home country enjoys 
a comparative advantage. With a fraction v 
of each country’s income, and therefore of 
world income, spent on home produced 
goods, it follows that the fraction of income 
spent on foreign produced commodities is 


0’) 1-90@ = r b(z) dz 
0 < dz) <1 


C. Equilibrium Relative Wages 
and Specialization 


To derive the equilibrium relative wage 
and price structure and the associated pat- 
tern of efficient geographic specialization, 
we turn next to the condition of market 
equilibrium. Consider the home country’s 
labor market, or equivalently the market 
for domestically produced commodities. 
With Z denoting the hypothetical dividing 
line between domestically and foreign pro- 
duced commodities, equilibrium in the mar- 
ket for home produced goods requires that 
domestic labor income wL equals world 
spending on domestically produced goods: 


(10) wL = 0(Z)(wL + w* L*) 


Equation (10) associates with each 7 a value 
of the relative wage w/w* such that market 
equilibrium obtains. This schedule 1s drawn 
in Figure 1 as the upward sloping locus and 
is obtained from (10) by rewriting the equa- 
tion in the form: 


n og = ŻE perry = BGL 
00) @ = SS EAL) = BELL) 
where it is apparent from (9) that the sched- 
ule starts at zero and approaches infinity as 
Z approaches unity. 

To interpret the B( ) schedule we note 
that it is entirely a representation of the 
demand side; and in, that respect it shows 
that if the range of domestically produced 
goods were increased at constant relative 
wages, demand for domestic labor (goods) 
would increase as the dividing line is shifted 
—at the same time that demand for foreign 
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labor (goods) would decline.' A rise in the 
domestic relative wage would then be re- 
quired to equate the demand for domestic 
labor to the existing supply. 

An alternative interpretation of the B( ) 
schedule as the locus of trade balance equi- 
libria uses the fact that (10) can be written 
in the balance-of-trade form: 


(10") [1 = d(|wL = 0()w*L* 


This states that equilibrium in the trade bal- 
ance means imports are equal in value to 
exports. On this interpretation, the B( ) 
schedule is upward sloping because an in- 
crease in the range of commodities hypo- 
thetically produced at home at constant 
relative wages lowers our imports and raises 
our exports. The resulting trade imbalance 
would have to be corrected by an increase 
in our relative wage that would raise our 
import demand for goods and reduce our 
exports, and thus restore balance. 

The next step is to combine the demand 
side of the economy with the condition of 
efficient specialization as represented in 
equation (5), which specifies the competitive 
margin as a function of the relative wage. 
Substituting (5) in (10’) yields as a solution 
the unique relative wage @, at which the 
world is efficiently specialized, is in bal- 


IThroughout this paper we refer io “domestic” 
goods as commodities produced in the home country 
rather than to commodities that are nontraded. The 
latter we call “nontraded” goods. 
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anced trade, and is at full employment with 
_ all markets clearing: 


(11) @ = AQ) = BE; L*/L) 


The equilibrium relative wage defined in 
(11) is represented in Figure 1 at the inter- 
section of the Af ) and B( ) schedules.” 
Commodity Z denotes the equilibrium bor- 
derline of comparative advantage between 
commodities produced and exported by the 
home country (0 < z < Z), and those com- 
modities produced and exported by the for- 
eign country (Z < Z < 1). 

Among the characteristics of the equilib- 
rium we note that the equilibrium relative 
wages and specialization pattern are deter- 
mined by technology, tastes, and relative 
size (as measured ky the relative labor 
force).? The relative price structure asso- 
ciated with the equilibrium at point E is 
defined by equations (6) and (7) once (11) 
has defined the relative wage @ and the 
equilibrium specialization pattern Z(@). 

The equilibrium levels of production 
Q(z) and Q*(z), and employment in each 
industry L(z) and L*{z), can be recovered 
from the demand structure and unit labor 
requirements once the comparative advan- 
tage pattern has been determined. 

We note that with identical homothetic 
tastes across countries and no distortions, 
the relative wage @ is measure of the well- 


2See the Appendix for the relation of the diagram 
to previous analyses. l 

3The construction of the 3( ) schedule relies heavily 
- on the Cobb-Douglas demand structure. If, instead, 
demand functions were identical across countries and 
homothetic, an analogous schedule could be con- 
structed. In the general homothetic case, however, a set 
of relative prices is requirec at each z to calculate the 
equivalent of the B( ) schedule; the relative prices are 
those that apply on the A(2Z) schedule for that value 
of z. In this case the independence of the A( ) and 
B( ) schedules is obviously lost. In the general homo- 
thetic case there is still a unique intersection of the 
-AÇ Jand BC } schedules. Fer more general nonhomo- 
thetic demand structures, it is known that an equilib- 
rium exists; but even in the case of two Ricardian 
goods there may beno unique equilibrium even though 
there will almost always be a finite number of equi- 
libria. See Gerard Debreu and Stephen Smale. Exten- 
sions of our analysis with respect to the demand struc- 
ture and the number of courtries are developed in un- 
published work by Charles Wilson. 
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being of the representative person-laborer 
at home relative to the well-being of the: 
representative foreign laborer. 


II. Comparative Statics 


The unique real equilibrium in Figure 1 
is determined jointly by tastes, technology, 
and relative size, L*/L. We can now exploit ` 
Figure 1 to examine simple comparative 
static questions. 


A. Relative Size 


Consider first the effect of an increase in 
the relative size of the rest of the world. An 
increase in L*/L by (10) shifts the BC ) 
trade balance equilibrium schedule upward 
in proportion to the change in relative size 
and must, therefore, raise the equilibrium 
relative wage at home and reduce the range 
of commodities produced domestically. It 
is apparent from Figure 2 that the domestic 
relative wage increases proportionally less- 
than the decline in domestic relative size. 

The rise in equilibrium relative wages due 
to a change in relative size can be thought 
of in the following manner. At the initial 
equilibrium, the increase in the foreign rela- 
tive labor force would create an excess sup- 
ply of labor abroad and an excess demand 
for labor at home—or, correspondingly, a 
trade surplus for the home country. The re- | 
sulting increase in domestic relative wages 
serves to eliminate the trade surplus while 


BiziL*/Ly’ 






B{z;L*/L)° 


A(z) 


J FIGURE 2 
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at the same time raising relative unit labor 
costs at home. The increase in domestic 
relative unit labor costs in turn implies a 
loss of comparative advantage in marginal 
industries and thus a needed reduction in 
the range of commodities produced domes- 
tically. 

The welfare implications of the change in 
relative size take the form of an unambigu- 
ous improvement in the home country’s real 
income and (under Cobb-Douglas demand) 
a reduction in real income per head abroad. 
We observe, too, that from the definition 
of the home country’s share in world in- 
come and (10), we have 


(2)  wL/(wL + w*L*) = 8%) 


It is apparent, as noted above, that a reduc- 
tion in domestic relative size in raising the 
domestic relative wage (thereby reducing 
the range of commodities produced domes- 
tically) must under our Cobb-Douglas de- 
mand assumptions lower the home country’s 
share in total world income and spending— 
even though our per capita income rises. 


B. Technical Progress 


To begin with, we are concerned with the 
effects of uniform technical progress. By 
equation (1), a uniform proportional reduc- 
tion in foreign unit labor requirements im- 
plies a reduction in a*(z) and therefore a 
proportional downward shift of the A(z) 
schedule in Figure 1. At the initial relative 
wage &, the loss of our comparative advan- 
tage due to a reduction in foreign unit labor 
costs will imply a loss of some industries 
in the home country and a corresponding 
trade deficit. The resulting induced decline 
in the equilibrium relative wage serves to 
restore trade balance equilibrium, and to 
offset in part our decline in comparative 
advantage. 

The net effect is therefore a reduction in 
domestic relative wages, which must fall 
proportionally short of the decline in rela- 
tive unit labor requirements abroad. The 
home country’s terms of trade therefore im- 
prove as can be noted by using (7) for any 
two commodities z and z”, respectively, 
produced at home and abroad: 
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(13) P(z) — P(z") = 6 — a*(z") > 0 


where a “hat” denotes a proportional 
change. Domestic real income increases, as 
does foreign real income.* The range of 
goods produced domestically declines since 
domestic labor, in efficiency units, is now 
relatively more scarce. 

An alternative form of technical progress 
that can be studied is the international 
transfer of the least cost technology. Such 
transfers reduce the discrepancies in relative 
unit labor requirements—by lowering them 
for each z in the relatively less efficient 
country—-and therefore flatten the A(z) 
schedule in Figure 1. It can be shown that 
such harmonization of technology must 
benefit the innovating low-wage country, 
and that it may reduce real income in the 
high-wage country whose technology comes 
to be adopted. In fact, the high-wage coun- 
try must lose if harmonization is complete 
so that relative unit labor requirements now 
become identical across countries and all 
our consumer’s surplus from international 
trade vanishes.° 


C. Demand Shifts 


The case with a continuum of commodi- 
ties requires a careful definition of a demand 
shift. For our purposes it is sufficient to 
ask: What is the effect of a shift from high z 
commodities toward low z commodities? It 
is apparent from Figure 2 that such a shift 
will cause the trade balance equilibrium 
schedule B( ) to shift up and to the left. It 
follows that the equilibrium domestic rela- 


4The purchasing power of foreign labor income in 
terms of domestically produced goods is w* L*/wa(z) = 
L*/a(z)@ and in terms of: foreign goods L*/a*(z). 
The fact that foreigners’ real income per head rises is 
guaranteed by our Cobb-Douglas demand assumpticn. 
In the general homothetic case, a balanced reduction 
in a*(z) can be immiserizing abroad if the real wage 
falls strongly in terms of all previously imported 
goods; however, the balanced drop in a*(z) in the gen- 
eral homothetic case always increases our real wage. 

5Complete equilization of unit labor requirements 
implies that the A( ) schedule is horizontal at the 
level w = A(z) = 1. In this case geographic specialfza- 
tion becomes indeterminate and inessential. 
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tive wage will rise while the range of com- 
modities produced by the home country de- 
clines. Domestic labor is allocated to a 
narrower range of commodities that are 
consumed with higher density while foreign 
labor is spread more thinly across a larger 
range of goods. | 

Welfare changes cannot be identified in 
this instance because tastes themselves have 
changed. It is true that domestic relative 
income rises along with the relative wage. 
Further we note that since @ rises, the rela- 
tive well-being of home labor to foreign 
labor (reckoned at the new tastes) is greater 
than was our laborers’ relative well-being 
(reckoned at the ald tastes). 


D. Unilateral Transfers 


Suppose foreigners make a continual uni- 
lateral transfer to us. With uniform homo- 
thetic tastes and no impediments to trade, 
neither curve is shifted by the transfer since 
we spend the transfe- exactly as foreigners 
would have spent it but for the transfer. The 
new equilibrium invclves a recurring trade 
deficit for us, equal tc the transfer, but there 
is no change in the terms of trade. As Bertil 
Ohlin argued agaist John Maynard 
Keynes, here is a case where full equilibra- 
tion takes place solely as a result of the 
spending transfers. When we introduce non- 
traded goods below, Ohlin’s presumption 
will be found to require detailed qualifica- 
tions, as it also woulc if tastes differed geo- 
graphically. 


III. Extensions ef the Real Model 


Extensions of the real model taken up in 
this section concern nontraded goods, 
tariffs, and transport costs. The purpose of 
this section is twofold. First we establish 
how the exogenous introduction of non- 
traded goods qualifies the preceding analy- 
sis. Next we turn to a particular specifica- 
tion of tariffs and transport costs to establish 
an equilibrium range of endogenously de- 
termined nontraded goods as part of the 
equilibrium solution of the model. Trans- 
fers are then shown to affect the equilibrium 
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relative price structure and the range of 
goods traded. 


A. Nontraded Goods 


To introduce nontraded goods into the 
analysis we assume that a fraction k of in- 
come is everywhere spent on internationally 
traded goods, and a fraction (1 — k) is 
spent in each country on nontraded com- 
modities. With b(z) continuing to denote 
expenditure densities for traded goods, we 
have accordingly 


(14) k = f b(z)dz < Í 


where z denotes traded goods. As before 
the fraction of income spent on domesti- 
cally exportable commodities is V (z), except 
that ð now reaches a maximum value of 
v(1) = k. 

Equation (1) remains valid for traded 
goods, but the trade balance equilibrium 
condition in (10”) must now be modified to: 


(15) [1 - (3 - (O - k)]wk 
= ý(Zj}jw*L* 


since domestic spending on imports is equal 
to income less spending on all domestically 
produced goods including nontraded com- 
modities. Equation (15) can be rewritten as 


i _ 2(Z) 
U Se 


where k is a constant and therefore inde- 
pendent of the relative wage structure. 

We note that (15') together with (5) de- 
termines the equilibrium relative wage and 
efficient geographic specialization, (&, Z). 
Further it is apparent that (15’) has exactly 
the same properties as (10’) and that ac- 
cordingly a construction of equilibrium like 
that in Figure 1 remains appropriate. The 
equilibrium relative wage again depends on 


(L*/L) 


6We can think of the range of nontraded goods as 
another [0, 1] interval with commodities denoted by x 
and expenditure fractions on those goods given by 
c{x). With these definitions we have jọ c(x)dx = 
l — k, a positive fraction. 
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relative size, technology, and demand con- 
ditions. In this case demand conditions 
explicitly include the fraction of income 
spent on traded goods: 


5 * 
i) Sate 
k- (Z) L 
This nicely generalizes our previous equilib- 
rium of (11) to handie exogenously given 
nontraded goods.’ 

Two applications of the extended model 
highlight the special aspects newly intro- 
duced by nontraded goods. First consider a 
shift in demand (in each country) toward 
nontraded goods. To determine the effects 
on the equilibrium relative wage we have to 
establish whether this shift is at the expense 
of high or low z commodities. In the former 
case the home country’s relative wage in- 
creases while in the latter case it declines. 
If the shift in demand in each country is 
uniform so that b(z) is reduced in the same 
proportion for all z in both countries, then 
the relative wage remains unchanged. 

Consider next a transfer received by the 
home country in the amount T measured in 
terms of foreign labor. As is well known, 
and already shown, with identical homo- 
thetic tastes and no nontraded goods, a 
transfer leaves the terms of trade unaf- 
fected. In the present case, however, the 
condition for balanced trade, inclusive of 
transfers, becomes: 


(16) T= (k - dol + T] 


= A(z) 


— ə[L* — T] 
or, in equilibrium, 
(16°) 
z- Izk 2E) 
STIG T 


It is apparent from (16’) that a transfer 
receipt by the home country causes the 
trade balance equilibrium schedule in Fig- 
ure 1 to shift upward at each level of z. 
Accordingly, the equilibrium domestic rela- 


7Diagrams much like Figures | and 2 again apply: 
the descending A(z) schedule is as before; and now the 
new rising schedule looks much as before. As before, a 
rise in L*/L and a balanced drop in a*({z) will raise w 
and lower 2, 
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tive wage increases and the range of com- 
modities produced domestically is reduced. 
The steps in achieving this result are, first, 
that at the initial relative wage only a frac- 
tion of the transfer is spent on imports in 
the home country, while foreign demand for 
domestic goods similarly declines only by a 
fraction of their reduced income. The re- 
sulting surplus for the home country has to 
be eliminated by, second, an increase in the 
domestic relative wage and a corresponding 
improvement in the home country’s terms 
of trade.® 

The analysis of nontraded goods there- 
fore confirms in a Ricardian model the 
“orthodox” presumption with respect to the. 
terms of trade effects of transfers.’ 


B. Transport Costs: Endogenous 
Equilibrium for Nontraded Goods 


The notion that transport costs give rise 
to a range of commodities that are non- 
traded is established in the literature and is 
particularly well stated by Haberler (1937). 
In contrast with the previous section we 
shall now endogenously determine the 
range of nontraded commodities as part of 
the equilibrium. We assume, following the 
“iceberg” model of Samuelson (1954), that 
transport costs take the form of “shrink- 
age” in transit so that a fraction g(z) of 
commodity z shipped actually arrives. We 
further impose the assumption that g = g(z) 
is identical for all commodities and the 
same for shipments in either direction. 

The home country will produce commod- 
ities for which domestic unit labor cost 
falls short of foreign unit labor costs ed- 
justed for shrinkage, and we modify (2') ac- 
cordingly: 


(17) wa(z) < (1/g)w*a*(z) 
or w < A(z)/g 


8At constant relative wages the current account 
worsens by [(1 — k — 8) + d]dT = (1 — k)dT which 
is less than the transfer, since it is equal to the fraction 
of income spent on, nontraded goods. 

9The pre-Ohlin orthodox view of Keynes, Taussig, 
Jacob Viner and other writers is discussed in Viner 
(1937) and Samuelson (1952, 1954). A recent treatment 
with nontraded goods is Ronald Jones (1975). 
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Similarly the foreign country produces 
commodities for which foreign unit labor 


cost falls short of adjusted unit labor costs- 


of delivered imports: 


(18) w*a*(z) < (1/g) wa(z) 
or A(z)jg <o 


In Figure 3 we show the adjusted relative 
unit labor requirement schedules A(z)/g 
and A(z)g. It is apparent from (17) and (18) 
that for any given re_ative wage the home 
country produces and exports commodities 
to the left of the A(z)g schedule, both 
countries produce as rontraded goods com- 
modities in the intermediate range, and the 
foreign country produces and exports com- 
modities in the range to the right of A(z)/g. 

To determine the equilibrium relative 
wage we turn to the trade balance equilib- 
rium condition in (19)—together with (20) 
and (21)—-which is modified to take account 
of the endogenous range of nontraded 
goods: 


(19) (1 ~ wh = (1 — A*)w*L* 


The variable A is the fraction of home 
country income spent on our domestically 
(or home) produced goods—exportables 
and nontraded—and A* is the share of 
foreigners’ income spent on goods they pro- 
duce. Both A and d* ere endogenously de- 
termined because the range of goods pro- 
duced in each country depends on the rela- 
tive wages. 
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(20) AC gw) = [ bea: A (gw) < 0 


ł 
M*(w/s) = | badz N'(w/g) > 0 


-~ The dependence of A( ) and A*( ) on the 


variables specified in (20) and the respective 
derivatives follow from (21) below. 

The limits of integration Z and Z* are 
derived from the conditions for efficient 
production in (17) and (18) by imposing 
equalities and so defining the borderline 
commodities. Thus, in Figure 3, Z_is the 
borderline between domestic nontraded 
goods and imports for the home country, 
and Z* denotes the borderline between 
foreign nontraded goods and the home 
country’s exports: 


(21) Z* = A“'(w/g) dz*/d(w/g) <0 
z= A-'(gw) dz/d(gw) < 0 


Of course, equilibrium Z and Z* are yet to 
be determined by the interaction of tech- 
nology and demand conditions. 

' From (21) an increase in the relative wage 
reduces the range of commodities domesti- 
cally produced and therefore raises the frac- 
tion of income spent on imports. Abroad 
the converse holds. An increase in the do- 
mestic relative wage increases the range of 
goods produced abroad and therefore re- 
duces the fraction of income spent on im- 
ports. It follows that we can solve: 


i, a ee MO 2) pt 
(9) a= SE (een) 
g(a; L*/L,g) d¢/de < 0 


for the unique equilibrium relative wage as 
a function of relative size and transport 
costs: 


(22) @ = @(L*/L,g) 


Because (19’)’s right-hand side declines as w 


IH 


rises, a rise in L*/L must still raise &; a rise 


in g can shift @ in either direction, depend- 
ing on the B(z) and A(z) profiles. 

The equilibrium relative wage in (22), 
taken in conjunction with (21), determines 
the equilibrium geographic production pat- 
tern, z and Z*. Since the range of nontraded 


aw 
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goods z* < z < Z depends in this formula- 
tion on the equilibrium relative wage, it is 
obvious that shifts in given parameters will 
shift the range of nontraded commodities. 
Thus, a transfer that raises the equilibrium 
relative wage at home causes previously ex- 
ported commodities to become nontraded, 
and previously nontraded commodities to 
become importables. 


C. Tariffs 


We consider next the case of zero trans- 
port cost but where each country levies a 
uniform tariff on imports at respective rates 
t and t*, with proceeds rebated in lump sum 
form. This case, too, leads to cost barriers 
to importing, and to a range of commodi- 
ties that are not traded, with the boundaries 





defined by: 

. =p =) <3) 
(23) Z= A l a , 
and Z* = Awl + t*)) 


From (23) it is apparent that the presence of 
tariffs in either or both countries must give 
rise to nontraded goods because in this case 
Ze or 

The trade balance equilibrium condition 
at international prices becomes, in place of 


(19), 
(244) (2 -A)Y/U +a) = 

(1 — A*) ¥*/(1 + t*) 
where Y and Y* denote incomes inclusive 
of lump sum tariff rebates. Using the fact 
that rebates are equal to the tariff rate times 
the fraction of income spent on imports, we 


arrive at the trade balance equilibrium con- 
dition in the form: !° 


_{1-a*\ 1400 
1) v= (Lae) HA 


where A and A* are functions of (w,t,t*). 


(L*/L) 





lOTariff rebates in the home country are equal to 
R=(1—A)¥r/(. + t). With Y = WL + R we there- 
fore have Y = WL( + t)/( + Af) as an expression 
for income inclusive of transfers. From equations (20) 
and (23) we have A = Alw/{l + 1£)} and A* = 
A*[w(1 + ¢*)], having substituted the tariff instead of 
transport costs as the obstacle to trade. 
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The implicit relations (25) can be solved for 
the equilibrium relative wage as a function 
of relative size and the tariff structure: 


(26) & = G(L*/L,t,t*) 


From (26) and (23) it is apparent now 
that the range of nontraded goods will be a 
function of both tariff rates. It is readily 
shown that an increase in the tariff im- 
proves the imposing country’s relative wage 
and terms of trade. Furthermore, as is well 
known, when all countries but one are free 
traders, then one country can always im- 
prove its own welfare by imposing a tariff 
that is not too large. 

A further question suggested by (26) con- 
cerns the effect of a uniform increase in 
world tariffs. Starting from zero, a small 
uniform increase in tariffs raises the relative 
wage of the country whose commodities 
command the larger share in world spend- 
ing. This result occurs for two reasons. 
First, at the initial relative wage a larger 
share of spending out of tariff rebates falls 
on the goods of the country commanding a 
larger share in world demand. Second, the 
tariff induces new nontraded goods and 
therefore increases net demand for the 
borderline commodity of the country whose 
residents have the larger income, or equiv- 
alently, the larger share in world income. 

If countries are of equal size as measured 
by the share in world income, such a uni- 
form tariff increase has zero effect on rela- 
tive wages, but of course reduces well-being 
in both places. Multilateral tariff increases, 
in this case, unnecessarily create some non- 
traded goods, and artificially raise the rela- 
tive price of importables in terms of do- 
mestically produced commodities in each 
country exactly in proportion to the tariff. 


IV. Money, Wages, and Exchange Rates 


In this section we extend the discussion of 
the Ricardian model to deal with monetary 
aspects of trade. Specifically we shall be in- 
terested in the determination of exchange 
rates in a flexible rate system, in the process 
of adjustment to trade imbalance under 
fixed rates, and in the role of wage sticki- 


832 THE AMERICAN ECONOMIC REVIEW 


ness. The purpose o7 the extension is to in- 
tegrate real and monetary aspects of trade. 


A. Flexible Exchange Rates 


The barter analysis of the preceding sec- 
tions is readily extended to a world of 
flexible exchange rates and flexible money 
wages. Assume a given nominal quantity of 
money in each country, M and M*, re- 
spectively. Further, in accordance with the 
classical Quantity Theory, assume constant 
expenditure velocities V and V*."' A flexible 
exchange rate, and our stipulating the ab- 
sence of nonmonetary international asset 
flows, will assure trade balance equilibrium 
and therefore the ecuality of income and 
spending in each country. The nominal 
money supplies and velocities determine 
nominal income in each country: 


(27) WL= MV and W*L* = M*V* 


where W and W* (now in capital letters) 
denote domestic and foreign money wages 
in terms of the respective currencies. Fur- 
ther, defining the exchange rate e as the 
domestic currency price of foreign ex- 
change, the foreign wage measured in terms 
of domestic currency is eW*, and the rela- 
tive wage therefore isw = W/eW*. 

From the determination of the equilib- 
rium real wage ratio & by our earlier “real” 
relations, we can now find an expression for 
the equilibrium exchange rates: 


(28) ë= (1/a)(W/W*) = 

(1 /@) (MV /M*V*) (L*/L) 
where (27') defines equilibrium money 
wages: 
(27') wW 
and 


MV/L 


W* 


M*V*/L* 


In this simple structure and with wage 
flexibility, we can keep separate the de- 
terminants of all equil:brium real variables 
from all monetary considerations. Mone- 


1!This is a strong assumption since it makes: spend- 
ing independent of income ard nonliquid assets even in 
the short run. 


nn nt tn ta 
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tary changes or velocity changes in one 
country will be reflected in equiproportion- 
ate changes in prices in that country and in 
the exchange rate in the fashion of the 
neutral-money Quantity Theory. However, 


a real disturbance, as (28) shows, definitely .. 


does have repercussions on the nominal ex- 
change rate as well as on the real equilib- 
rium. 

Using the results of Section II, we see 
that an increase in the foreign relative labor 
force causes, under flexible exchange rates 
and given M and M*, a depreciation in the 
home country’s exchange rate as does uni- 
form technical progress abroad. A shift in 
real demand toward foreign goods likewise 
leads to a depreciation of the exchange rate 
as well as to a reduction in real &. A rise in 
foreign tariffs will also cause our currency 
to depreciate. Each of these real shifts is 
assumed to take place while (M, M*) are 
unchanged and on the simplifying proviso 
that real income changes leave V and V* 
unchanged. 


B. Fixed Exchange Rates 


In the fixed exchange rates case we as- 
sume currencies are fully convertible at a 
parity pegged by the monetary authorities. 
In the absence of capital flows and steriliza- 
tion policy, a trade imbalance is reflected in 
monetary flows. In the simplest metal 
money model, the world money supply is 
redistributed toward the surplus country at 
precisely the rate of the trade surplus. We 
assume that the world money supply is 
given and equal to G, measured in terms of 
domestic currency. The rate of increase of 
the domestic quantity of money is therefore 
equal to the reduction in foreign money, 
valued at the fixed exchange rate é: 


(29) M = -éM* 


where M = dM /dt. 

_ For a fixed rate world we have to de- 
termine in addition to the real variables @ 
and 7, the levels of money wages W and W* 
as well as the equilibrium balance of pay- 
ments associated with each short-run equi- 
librium. In the long run the balance of pay- 
ments will be zero as money ends up 
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redistributed internationally to the point 
where income equals spending in each 
country. In the short run an initial misallo- 
cation of money balances implies a dis- 
crepancy between income and spending and 
an associated trade imbalance. To char- 
acterize the preferred rate of adjustment of 
cash balances in the simplest and most man- 
ageable way, we assume that spending by 
each country is proportional to money 
holdings.” On the further simplifying as- 
sumption that velocities are equal in each 
country, V = V*,'’> world spending is equal 
to 


(30) VM + eV*M* = VG 


For the tastes and technology specified in 
Section I, world spending on domestically 
produced goods is given by 


elw) VG 


m 


(31) VG J "b(2)dz 
0 
Z = A-(w) 


In equilibrium, world spending on our 
goods must equal the value of our full-em- 
ployment income WL: 


(32) WL = dla) VG 


Equilibrium requires, too, that world spend- 
ing on foreign goods equals the value of 
foreign full-employment income: 


(33) @W*L* = |l — (w) VG 


Equations (32) and (33) express what 
would seem to be the joint determination of 
real and monetary variables. But, in fact, 
we could have taken the shortcut of recog- 
nizing that the real equilibrium is precisely 
that of the barter analysis developed in Sec- 
tion I. Dividing (32) by (33) and substitut- 


12The assumption that spending is proportional to 
cash balances is only one of a number of possible 
specifications. Conditions for this expenditure function 
to be optimal are derived in Dornbusch and Michael 
Mussa. In general, expenditure will depend on both 
income and cash balances. 

13In the long-run equilibrium, higher V than V* 
leaves us with a smaller share of the world money 
stock than foreigners, but with nominal and real in- 
come shares in the two countries the same as when 
V = Y*, 
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FIGURE 4 


ing from (11) for the equilibrium relative 
wage &, we can employ equations (32) and 
(33) to determine money wage levels. 

The equilibrium determined by equations 
(32) and (33) can be analyzed in terms of 
Figure 4. The figure emphasizes the separa- 
tion of real and monetary aspects of the 
equilibrium under our assumptions of 
traded goods only, and no distribution ef- 
fects. From the ratio of (32) and (33) we ob- 
tain the equilibrium relative wage @ as a 
function of tastes and technology solely 
from the barter model. This equilibrium re- 
lative wage is plotted as the ray OR in Fig- 
ure 4. 

The equality of world income and spend- 
ing 


(30') WL + @W*L* = VG 


is shown as the downward sloping straight 
line GG, which is drawn for given velocity, 
world quantity of money, and labor forces. 
Point Æ is the equilibrium where relative 
prices and the level of wages and prices are 
such that all markets clear. At a level of 
wages and prices higher than point £, there 
would be a world excess supply of goods, 
and conversely at points below Æ. 

Figure 4 immediately shows some ccm- 
parative static results. Thus a doubling of 
both countries’ labor forces, from the 
analysis of the barter model, will leave the 
relative wage unaffected but will double 
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world output. Given unchanged nominal 
spending VG, wages and prices will have to 
halve. This would Ee shown by a parallel 
shift of the GG schecule halfway toward the 
origin. A shift in demand toward the home 
country’s output by contrast would rotate 
the OR ray to a position like OR’ since it 
raises our relative wege. The ensuing mone- 
tary adjustment is then an increase in our 
money wage and money income and a de- 
cline in foreign wages, prices, and incomes 
(point £’). 


The real and nominal equilibrium at- 


point E in Figure 4 is independent of the 
short- and long-run distribution of the 
world quantity of money. The independence 
of the real equilibrium derives from the uni- 
form homothetic tastes. The independence 
of the nominal equilibrium is implied by 
identical velocities. What does, however, 
depend on the short-run distribution of 
world money is the transition periods’ bal- 
ance of payments. As in the absorption ap- 
proach of Sidney Alexander (1952), we 
know this: when gocds markets clear, the 
trade surplus or balance of payments M of 
the home country is equal to the excess of 
income over spending, or: 


(34) M=WL-VM 


With the nominal waze independent of the 
distribution of world money, equation (34) 
therefore tmplies that the trade balance 
monotonically converges to equilibrium at 
arate proportional to the discrepancy from 
long-run equilibrium: 


34) M=W M- M); M= C 


The assumptions of this section were de- 
signed to render inoperative most of the tra- 
ditional mechanisms discussed as part of 


l4Suppose V > V* and our share -of the world 
money supply is initially larger than our equilibrium 
share. Then, as we lose M, total world nominal income 
and nominal GNP falls. Always our share of nominal 
world GNP stays the same under the strong demand 
assumptions. Total world -eal output never changes 
during the transition; only regional consumption 
shares change. Therefore, both countries’ nominal 
price and wage levels fall ia the transition, but such 
balanced changes have no real effects on either the 
transient or the final real equilibrium. 
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the adjustment process: changes in the 
terms of trade, in home and/or foreign 
price levels, in relative prices of traded and 
nontraded goods (there being none of the 
latter), in double factoral terms of trade; 
and any discrepancies in the price of the 
same commodity between countries. The 
features of the adjustment process of this 
section rely on 1) identical, constant expen- 
diture velocities, 2) uniform-homothetic de- 
mand, and 3) the absence of trade impedi- 
ments. If velocities were constant but 
differed between countries, the absolute 
levels of money wages and prices, though 
not relative wages or prices, would depend 
on the world distribution of money. Relaxa- 
tion of the uniform-homothetic taste as- 
sumption would make equilibrium relative 
prices a function of the distributions of 
spending. Finally, the presence of non- 
traded goods would, together with Ricardo’s 
technology, provide valid justification for 
some of the behavior of relative prices and 
price levels frequently asserted in the litera- 
ture; this behavior is studied in more detail 
in the next section. 


C. The Price-Specie Flow Mechanism 
under More General Conditions 


We now discuss the adjustment process 
to monetary disequilibrium and enquire 
into the price effects associated with a redis- 
tribution of the world money supply when 
there are nontraded goods. Common ver- 
sions of the Hume price-specie flow mech- 
anism usually involve the argument that in 
the adjustment process, prices decline along 
with the money stock in the deficit country, 
while both rise in the surplus country. There 
is usually, too, an implication that the defi- 
cit country’s terms of trade will necessarily 
worsen in the adjustment process and in- 
deed have to do so if the adjustment is to be 
successful. 

Section [VB demonstrated that the redis- 
tribution of money associated with mone- 
tary imbalance need have no effects on real 
variables (production, terms of trade, etc.) 
and on nominal variables other than the 
money stock and spending. While this is 
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clearly a very special case, it does serve as a 
benchmark since it establishes that the 
monetary adjustment process would be ef- 
fective even in a one-commodity world. 

To approach the traditional view of the 
adjustment process more clearly and pro- 
vide formal support for that view, we con- 
sider an extension to the monetary realm of 
our previous model involving nontraded 
goods. We return to the assumption that a 
fraction (1 — k) of spending in each coun- 
try falls on nontraded goods, and accord- 
ingly equations (32) and (33) become: 


(32') WL = 8(w) VG + (1 — k)yVG; 
y= M/G 

(k — (w) VG 
+a -yad -KVG 


(33) EW*L* 


li 


These hold both in final equilibrium, and in 
transient equilibrium where specie is flow- 
ing. Equations (32’) and (33’) imply that 
the equilibrium relative wage does depend 
on the distribution of the world money sup- 
ply. Solving these equations for the equilib- 
rium relative wage we have: 


(35) @ = @(7) 


An increase in the home country’s initial 
= share in the world money supply y raises 
our relative wage. 

Using this extended framework, we can 
draw on the analysis of the transfer problem 
in Section II to examine the adjustment that 
follows an initial distribution of world 
money between the two countries that dif- 
fers from the long-run equilibrium distribu- 
tion. 

Suppose our M is initially excessive, say 
from a gold discovery here. Assume also 
that the gold discovery occurred when the 
world was in long-run equilibrium with the 
previous world money stock. As a result of 
our excess M, we spend more than our 
earnings, incurring a balance-of-payments 
deficit equal to the rate at which our M is 
flowing out. In effect, the foreign economy 
is making us a real transfer to offset our 
deficit. As seen earlier, we, the deficit coun- 
try, are devoting some of our excess spend- 
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ing to nontraded goods, shifting some of 
our resources to their production at the ex- 
pense of our previous exports. We not only 
export fewer types of goods, but also import 
more types, and import more of each 
(@ rises and Z falls). 

During the transition, while the real 
transfer corresponding to our deficit is tak- 
ing place, our terms of trade are more 
favorable than in the long-run state. The 
new gold raises both their W* and our W, 
but in addition, our W is up relative to their 
W=. Therefore the price level of goods we 
continue to produce is up relative to the 
price level of goods they continue to pro- 
duce. This is true both for our nontraded 
goods and for our exportables. The prices 
of goods we produce rise relative to the 
prices of goods they produce in proportion 
to the change in relative wages. 

Thus the price levels in the two countries 
have been changed differentially by the 
specie flow and implied real transfer. But 
that does not mean that any traded good 
ever sells for different prices in two places. 
In fact the divergence in weighted average 
(consumer) price levels is due to nontraded 
goods. The price level will rise in the gold- 
discovering country relative to the other 
country the greater is the share of non- 
traded goods in expenditure, 1 — k. It is a 
bit meaningless to say, “What accom- 
plished the adjustment is the relative move- 
ments of price levels for nontraded goods in 
the two countries,” since we have seen that 
the adjustment can and will be made even 
when there are no such nontraded gocds. 
It is meaningful to say, “The fact that peo- 
ple want to direct some of their expenditure 
to nontraded goods makes it necessary for 
resources to shift in and out of them as a re- 
sult of a real transfer, and such resource 
shifts take place only because the terms of 
trade (double-factorai and for traded goods) 
do shift in the indicated way.” 

The adjustment process to a moneiary 
disturbance is stable in the sense that the 
system converges to a long-run equilibrium 
distribution of money with balanced trade. 
To appreciate that point, we supplement 
equations (32’) and (33’) with (34) that con- 
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tinues to describe the monetary adjustment 
process. We note, however, that now W and 
W* are endogenous variables whose levels 
in the short run do depend on the distribu- 
tion of the world money supply. A redistri- 
bution of money toward the home country 
would raise our spending and demand for 
goods, and reduce foreign spending and de- 
mand. As before, spending changes for 
traded goods offset each other precisely so 
that the net effect is an increase in demand 
for nontraded gocds at home and a decline 
abroad. As a consequence our wages will 
rise and foreign wages decline. Therefore, 
starting from full equilibrium, a redistribu- 
tion of money toward the home country will 
create a deficit equal to 


(36) dM/dM = -V(i- 6) 0<6 <1 


where 6 is the elasticity of our nominal 
wages with respect to the quantity of money 
and is less than unity.!> Equation (36) im- 
plies that the price-specie flow mechanism 
is stable. 

It is interesting to cbserve in this context 
that the presence of nontraded goods in fact 
slows down the adjustment process by com- 
parison with a world of only traded goods 
(contrary to J. Laurence Laughlin’s turn of 
‘the century worries). As we saw before, with 
all goods freely tradeable, wages are inde- 
pendent of the distribution of money, and 
accordingly 6 = 0. Further we observe that 
the speed of adjustment depends on the re- 
lative size of countries. Thus the more equal 
countries are in terms of size, the slower 
tends to be the adjustment process. 

In concluding this section we note that 
nontraded goods (and/or localized de- 
mand) are essential to the correctness of 
traditional insistence that the adjustment 
process necessarily entails absolute and re- 


The value of ô can be calculated from equations 
(32') and (33) to be 


y(i — y) 
yl — y) + de 
where e is the elasticity of the share of our traded 
goods in world spending, e = —0’w/0 >0. The elas- 


ticity ô is evaluated at the long-run equilibrium where 
y = U/k. If A’(z) falls slowly, e will be large. 


ô = (1 — k) 
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lative price, wage, and income movements. 
They are, of course, in no way essential to 
the existence of a stable adjustment process, 
nor is there at any time a need for a dis- 
crepancy of prices of the same commodity 
across countries in either case. !6 

A final remark concerns the adjustment 
to real disturbances such as demand shifts 
or technical progress. It is certainly true 
that whether the exchange rate is fixed or 
flexible, real adjustment will have to take 
place and cannot be avoided by choice of an 
exchange rate regime. So long as wages and 
prices are flexible, it is quite false to think 
that fixed parities “put the whole economy 
through the wringer of adjustment” while 
in floating rate regimes “‘only the export 
and import industries have to make the real 
adjustment.” It is true, however, that once 
we depart from flexible wages and prices 
there may well be a preference for one ex- 
change rate regime over another. The next 
section is devoted to that question. 


D. Sticky Money Wages 


The last question we address in this sec- 
tion concerns the implications of sticky 
money wages. For a given world money 
supply, downward stickiness of money 
wages implies the possibility of unemploy- 
ment. We assume upward flexibility in 
wages, once full employment is attained. 

We start with a fixed exchange rate @. 
The relation between wages and the world 
quantity of money is brought out in Figure 
5. Denote employment levels in each coun- 
try, as opposed to the labor force, by the 
new symbols Z and L*, respectively; denote 
nominal incomes by Y and Y*. The equality 
of world income and spending is again 
shown by the GG schedule, the equation of 
which now is 


(37) VG = Y+ @Y* = WL + @Ww*L* 


6The continuum Ricardian technology is special in 
that there can be no range of goods both imported and 
produced at home. Therefore, the cross elasticity of 
supply between nontraded goods and exports must be 
greater than the zero cross elasticity between non- 
traded goods and imports. Consequently, a transfer 
must shift the terms of trade (for goods and factors) in 
the stated orthodox way, favorably for the receiver. 


rn ire 
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FIGURE 5 


where W and W* are the fixed money 
wages set at too high sticky levels. The 
schedule is drawn for given money wages, a 
given world quantity of money, and a 
pegged parity for ë. The ray OR now is pre- 
determined by the given sticky relative wage 
® = W/W *. From equations (32) and (33) 
the ratio of money incomes Y/éY* is just a 
function of the relative wage now given ex- 
ogenously by rigid money wages and the ex- 
change rate: 


(w) 


(8) Y/eY* = Ty 


= £(W/ew*) 
E’(w) < O 


Point E is the nominal equilibrium where 
by assumption the world quantity of money 
is insufficient relative to wage rates to en- 
sure full employment. Although that equi- 
librium is one with unemployed labor, it is 
efficient in other respects. Specifically, geo- 
graphic specialization follows comparative 
advantage as laid out above, but now labor 
employed adjusts to sticky wage patterns of 
specialization. _ D 

Employment levels L and L* now are de- 
termined by (39) 


(39) L= Y/W, L* = ey*/wW* 

where Y and Y* are the equilibrium levels 
of nominal income determined by equations 
(37) and (38) or by point £ in Figure 5. 


Consider now the impact of a foreign in- 
crease in money wages. The effect of the im- 
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plied reduction in our relative wages and 
the resulting increase in our relative income 
are shown in Figure 5 by the rotation from 
OR to OR’. 

The new equilibrium is at Æ where our 
money income and employment have risen 
while income and employment decline 
abroad. Thus an increase in the foreign 
wage rate, by moving the terms of trade 
against us, shifts comparative advantage 
and employment toward the home country. 
The extent to which the home country bene- 
fits from the adverse terms of trade shift in 
terms of employment will depend on both 
the substitutability in demand and the elas- 
ticity of the A(z) schedule in Figure 1. We 
observe, too, that the move from E to E' 
will bring about a transitory balance-of- 
payments surplus. Given the initial distribu- 
tion of money and hence of spending, the 
foreign decline in income and the increase 
at home implies that we will spend less than 
our income and therefore have a trade sur- 
plus. This surplus persists until money is re- 
distributed to match the new levels of in- 
come at £’. 

Next we move to flexible exchange rates. 
Under flexible rates an increase in the for- 
eign money wage W*, given money supplies 
in each country, will similarly have real re- 
percussion effects on relative prices and em- 
ployment at home. Now employment in 
each country is determined by money sup- 
plies and prevailing wages: 


G39) E= VM/W; L* = VM*/W* 


Given the employment levels thus deter- 
mined, we know from the analysis of the 
earlier barter model that there is a unique 
relative wage at which the trade balance 
achieves equilibrium. The higher is M*/ W*, 
the higher will be employment abroad— 
and, therefore, the higher will be our rela- 
tive wage @. It is thus apparent that an in- 
crease in the foreign money wage, W *, will 
reduce employment abroad. Employment 
declines only in proportion to the increase 
in wages and thus declines by less than it 
would under fixed exchange rates when 
specie is lost abroad. 

We saw in the barter model that a reduc- 
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tion in effective foreign labor causes a de- 
cline in our relative wage, but that the 
decline in our relative wage falls propor- 
tionately short of tae foreign reduction in 
labor. Now, at the initial exchange rate, the 
increase in foreign wages reduces our rela- 
tive wage and their employment in the same 
proportion. The decline in our relative wage 
is therefore excessive. Domestic goods are 
underpriced and the exchange rate appre- 
ciates to partly offset the gain in cost com- 
petitiveness. The net effect is therefore a 
decline in our relative wage and an appre- 
ciation of our exchange rate (a decline in e) 
that falls short of ihe foreign increase in 
wages. Since our terms of trade unambig- 


uously deteriorate without any compensat- 


ing gain in employment, it must be true that 
welfare declines at home. Abroad, the loss 
in employment is offset by a gain in the 
terms of trade, but there too the net effect is 
a loss in welfare under our strong Mill- 
Ricardo assumption. 

The adjustment td money wage distur- 
bances under fixed and flexible rates differs 
in several respects. Under fixed rates em- 
ployment effects are transmitted, while 
under flexible rates they are bottled up in 
the country initiating the disturbance. 
Under fixed rates the terms of trade move 
one for one with money wage, while under 
flexible rates exchange rate movements 
partly offset increases in the foreign money 
wage rate. 

The difference between fixed and flexible 
rates in relation to the adjustment process is 
further brought out by an example. of a real 
disturbance. Consider a shift in world de- 
mand toward our goods. Under fixed rates 
the resulting increase in our relative income 
will, from (38), move us in Figure 5 from 
Eto E'. Employment rises at home and falls 
abroad. Demand shifts are fully reflected in 
employment changes. Under flexible rates, 
by contrast, with given wages and money, a 
demand shift has nc impact on employ- 
ment—~as we observe from (39). At the ini- 
tial exchange rate the demand shift would 
give rise to an excess demand for our goods 
and to an excess supply abroad. Domestic 
income and employment would tend to rise 
while falling abroad. The resulting trade 
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surplus causes our exchange rate to appre- 
ciate until the ini:ial employment levels and 
therefore trade balance equilibrium are re- 
stored. The demand shift is fully absorbed 
by a change in th: terms of trade and a shift 
in competitive ailvantage that restores de- 
mand for foreign goods and labor. 

Real and nomiaal equilibria are thus seen 
to be uniquely dofinable in our continuum 
model with cons .ant-velocity spending de- 
terminants. The difference between sticky 
and flexible wage rates under fixed exchange 
rates is understandable as the difference be- 
tween (a) having ihe crucial relative wage © 
be imposed in the sticky wage case with em- 
ployments having then to adjust; or (b) hav- 
ing the full employments be imposed and @ 
having to adjust. Under floating exchange 
rates, sticky nomial wages impose employ- 
ment levels in each country and the crucial 
relative wage © then adjusts to those em- 
ployment levels. 


A.PPENDIX 
Histcerical Remark 


Figure 1 seems to be new. G. A. Elliot 
(1950) gives a son ewhat different diagram, 
one that makes explicit the meaning of 
Marshall’s 1879 “Dales” (which, by the way, 
happen to work only in the two-country 
constant labor co:ts case). In terms of the 
present notations, Elliott plots for the U.S. 
offer curve the fo lowing successive points 
traced out for all o on the range [0, œ}: on 
the vertical axis is »lotted our total real im- 
ports valued in foreign labor units (“our 
demand for bales of their labor,’ so to 
speak), namely, 


1 l 
J P+) wC Odz = f a*(z)C(z)dz 


and on the horizo ital axis, our total real 
exports valued in home labor units (‘‘our 
supply of bales of labor to them”), namely, 


f [P(z)/w][O(z) — C(z)]dz = 
= f a(z)C(z)dz 


VOL. 67 NO. 5 


It is to be understood that Z is a function of 
w, namely the inverse function A~ (w) also 


that C(z) are the amounts demanded as a ` 


function of our real income L and of the 
P(z)/W function defined for each, namely 
min [wa(z), a*(z)|. Because we have a con- 
tinuum of goods, we avoid Elliotts 
-branches of the offer curve that are seg- 
ments of various rays through the origin. 
The reader will discern by symmetry con- 
siderations how the foreign offer curve is 
plotted in the same (L,Z*) quadrant, by 
varying w to generate the respective coor- 
dinates 


i a(z) C*(z)dz, 
0 


L* — J POD 


Our model forces the Elliott-Marshall 
diagram to generate a unique solution under 
uniform-homothetic demand. Unlike our 
Figure 1, the Elliott diagram can handle 
the general case of nonhomothetic demands 
in the two countries; but then, as is well 
known, multiple solutions are possible, 
some locally stable and some unstable. The 
price one pays for this generality is that, as 
Edgeworth observed, the Marshallian 
curves are the end products of much im- 
plicit theorizing, with much that is inter- 
esting having taken place offstage. 
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Demand for International Media of Exchange 


By K. ALEC CHRYSTAL* 


“Just as every country needs a re- 
serve of money for its home circulation 
so too it requires ane for external circu- 
lation in the markets of the world.” 

Karl Marx 


In the last two decades a great deal of 
attention has been directed at the determi- 
nants of the demand for money in a domes- 
tic economy context. A reasonable sketch 
of what has emerged.from this enquiry is 
that people hold a stock of real money 
balances for the flow of transactions ser- 
vices that such stocks yield subject to a 
wealth, or portfolio constraint, and oppor- 
tunity cost. As in reality a substantial pro- 
portion of all transactions take place across 
international frontiers, this reasoning might 
also suggest that nationals of one country 
should be expected to hold a portfolio of 
moneys which are accepted internationally, 
in addition to the domestic medium of ex- 
change. This notion is not entirely new, as 
the above quote from Marx indicates, but 
in what follows the novel feature is an at- 
tempt to explain the aggregate composition 
of certain foreign currency balances as if the 
components were competing in the role of 
international media of exchange, or what 
have been called elsewhere “‘vehicle curren- 
cies.” Section I will briefly outline some 
existing notions concerning international 
media of exchange, Section II will develop a 
model of the demand for such assets, and 
Section IJ] will discuss the results. 


*Lecturer in economics, Essex University. This pa- 
per draws heavily on my doctoral thesis presented at 
the University of Essex. Tne help and encouragement 
of Frank Brechling, David Laidler, and Christopher 
Bliss is gratefully ackncwledged. James Alt and 
Padmini Kurukulaaratchy have given computational 
assistance. The fina] version has benefited from dis- 
cussions with John Williamson and comments from 
George Borts and an anonymous referee. 
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I 


There are thre: separate strands to the 
existing arguments concerning international 
media of exchanze. First, the microeco- 
nomic analysis o transactions demand in 
an international context; secondly the 
“aggregation” proposition that there are 
significant econo nies resulting from the 
conduct of trade 11 terms of few currencies; 
and thirdly, the 1eed to determine which 
currencies actually do get used if the choice 
is largely left to m irket forces. 

Alexander Swoboda has applied the 
Baumol transactis:ns demand for cash in- 
ventory model to ‘oreign currency balances 
in a direct way. H2 postulates that an indi- 
vidual has a know 1 steady stream of foreign 
currency payment; to make and withdraws 
such cash from comestic interest bearing 
assets in discrete umps. Here the familiar 
result must emerse that foreign currency 
balances will on a'erage be proportional to 
the square root of :ransactions made in that 
currency. Thus, so long as a specific cur- 
rency can be uniq. ely associated with a spe- 
cific set of transac:ions, there is nothing in 
principle different about foreign currency 
transactions. The model developed below, 
however, permits internationally acceptable 
moneys to compet : for the role of financing 
trade, so that the relationship between spe- 
cific currencies aid transactions is less 
direct. 

The square root rule is used by Swoboda 
to make the seconc point, which is that in a 
multicurrency area world it will not be the 
case that intercurrency area trade is con- 
ducted in terms of all the different national 
currencies accordit g to the origins or des- 
tination of the trede. The resources that 
traders would hav2 to devote to holding 
cash balances would be much greater if they 
had a multitude cf transactions requiring 
different currencies than if all international 
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transactions could be conducted in one cur- 
rency. This currency would then be what 
Swoboda calls the vehicle currency, or what 
is here called the international medium of 
exchange, or simply international money. 
An alternative path to the same conclusion 
is that offered by Karl Brunner and Allan 
Meltzer who, by analyzing the informa- 
tional efficiency of monetary exchange, “... 
suggest by implication the benefits that 
would accrue to the world economy from 
the use of a medium of exchange” (p. 804). 
Their key proposition is that the marginal 
cost of acquiring information about the 
properties of any asset declines with the 
frequency with which that asset is used. 
And Ronald McKinnon uses both argu- 
ments to suggést that “... private traders 
would concentrate their transactions in the 
most suitable major currency in order to 
economise on inventory-carrying costs and 
to minimise the informational uncertainty 
arising from floating rates” (p. 14). Swo- 
boda makes a further important point that 
where there are risks involved, specializa- 
tion in the use of a single international 
money may not be complete since there will 
be gains from diversification. 

The final question is what factors will de- 
termine which of the existing currencies 
come to be used as international money. 
Swoboda is again of assistance in suggesting 
that “... asset-exchange costs play an im- 
portant role in this choice.... It is likely 
that asset exchange costs depend inversely 
on the size of the market for a particular 
asset.... The size of the market for a par- 
‘ticular currency depends, in turn, in part on 
the size of a country’s foreign transactions 
and, therefore, on the volume of its external 
trade ...” (p. 10). Secondly, since holders 
are likely to be risk averse, the domestic 
market of the currency chosen should be 
characterised by, “depth, breadth and re- 
silience” since there is a greater probability 
of loss from selling on a small market than 
on a large one. Finally, for similar reasons, 
no currency, the exchange value of which is 
likely to fluctuate widely, wouid be held as 
an international money for very long. 
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In summary, then, while it can be sug- 
gested that the conventional transactions 
model is not entirely appropriate for inter- 
national moneys, since currencies are not 
uniquely tied to a given set of transactions 
(indeed this variable relation between trans- 
actions and currency is the most interesting 
extra dimension of the international money 
demand problem), it does lend support to 
the argument that only a few currencies will 
actually serve as international media. The 
currencies which do come to be used are 
likely to be those of the dominant trading 
nations and/or those with well-developed 
domestic money markets, though in prac- 
tice these would appear to be the same. 


H 


It is now presumed that a small number 
of currencies are to be found circulating at 
large in the international economy, playing 
the role of transactions media. The problem 
to be addressed is that of explaining the 
composition of these balances when viewed 
as elements of a portfolio. It is convenient 
to theorize first at the level of a “typical” 
individual who has a total stock of these 
currencies given to him at the beginning of 
each period of time as a result of the out- 
come of a wider economic process, and who 
then arranges this portfolio in what he may 
consider to be an optimal manner. The 
possibility of rearranging the portfolio is 
then absent until the beginning of the next 
period, and the structure of the portfolio is 
assumed independent of his wider asset 
position. It is then possible to derive a set of 
demand functions for the currencies which 
has the following form:! 


(1) x = Ka + Kr+hw 


where x is the vector of currencies in the 


\The holder maximizes the expected utility of the 
portfolio. Utility is an exponential function of real in- 
come, and income is the sum of the pecuniary and non- 
pecuniary services of each currency. The two types of 
service flow are assumed to be dimensionally equiva- 
lent. The marginal service flow is assumed constant. 
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portfolio, a is the vector of expected non- 
pecuniary service flows yielded by each cur- 
rency, ris the vectar of pecuniary yields, W 
is the portfolio size. K is a matrix of param- 
eters which is symmetric with zero row and 
column sums, and h is a vector with ele- 
ments summing to unity. The key variables 
in the equation are obviously the vectors 
a and r, and it is therefore necessary to give 
them further thought before attempting to 
estimate the parameters. 

The conceptual experiment under con- 
sideration is concerned with the allocation 
of a portfolio for a succession of discrete 
periods. Currencies are measured by their 
current dollar value. The pecuniary yield 
will have two separate elements, one a cou- 
pon interest paymert, the other a change of 
exchange rate. Expressing exchange rates in 
currency units per dollar, the pecuniary 
yield on currency / is 


SRi 
SRisı 





(2) G +r -il 


where SRi and SR{_, are the spot rates at 
the beginning and end of the period, re- 
spectively, and rj is the coupon yield on the 
ith currency over the period. As an em- 
pirical matter ri is assumed to be the rate 
ruling at the beginning of each period, but 
exchange rate expectations are normally 
more troublesome. The assumption used 
below is that exchange rates are expected to 
fluctuate randomly about their current level 
so that the rate expected at the end of the 
period is that ruling at the beginning.” This 
is a reasonable assumption for the data 
period which is broadly the 1960’s. 

The nonpecuniary yield corresponds to 
what are commonly called the “liquidity” 
or “transactions” services of money, which 
are considered to be valuable in the sense 
that there is some interest rate equivalent 
which would be forfeited to get them. A 
proxy for the services of each currency can 
be derived from the asset-exchange cost 


2Two other assumptions are reported in my disser- 
tation. The use of the ex post exchange rate changes 
did no better and covered yields did much worse. 
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argument of Swoboda, referred to in Sec- 
tion I above. Given that there is a small 
group of currencies available to perform the 
role of international money, then the non- 
pecuniary services of each will be greater, 
ceteris paribus, he more important is the 
country of issue in world trade. The im- 
portance of eack country in world trade is 
proxied by the value of its exports. The 
functional relaticnship between trade shares 
and services is assumed to be linear 


(3) a = VT 


where a is the vector of unit service flows, V 
is a diagonal matix of parameters, and T is 
a vector of expor values from the “banker” 
countries to the #ypical holder. So (1) may 
now be rewritten 


(4) x= KYT+Kr+hw 


The approach >f methodological indi- 
vidualism which 1as been adopted by bas- 
ing behavioral reasoning on a “typical” 
individual presumes the aggregate function, 


since to be typica one must be representa- - 


tive of the behav or of all. Thus to move 
from the typical iadividual to the aggregate 
it is merely neceszary to sum over all such 
individuals. The system of demands by the 
jth individual is 

(5) x, = KPT, + Kr, + h W, 


and the demand fer the ith currency by the 
jth individual car be written (where four 
currencies are assumed as below) 


(6) xj =b Ty +... + bT +... 
+ Kory; + iv: Kr; + h W, 


where bi = ki Yii 
Adding across iz dividuals 


M È xi =b È, Tyt. t bd Ty 
s 


jel 
crea ki do ry +... + HS n 
j j 
+ hid) W, 
j 


2, T; is simply the sum of trade with each 
individual, that is, total export value, and 
2; W; is the sum o7 the currency portfolios 


wet 


ee 


': ttn a aa E AAAA 
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of each individual, that is, total currency 
balances. Since all are assumed to calculate 
the pecuniary yield in dollars, 2; ry is simply 
n r; where there are n such individuals, so 
that the matrix of pecuniary yield param- 
eters will differ from that of the non- 
pecuniary yield by a factor of n. 

To say no more than this would, how- 
ever, be to ignore all of the most interesting 
aspects of this problem, since the data to be 
used below include both private and official 
holdings. At first sight many would regard 
such an aggregate treatment as erroneous, 
especially since transactions services are ex- 
plicitly relevant and yet official bodies 
hardly trade at all. The counter argument, 
however, is that there is considerable inter- 
dependence between the currency holding 
of the trading sector of an economy and 
those of its central bank. An argument is 
developed in my dissertation that, to some 
extent, central bank reserves can be thought 
of as being held on behalf of the trading 
sector, but there is also an interdependence 
as to composition. Consider there to be 
some given total of foreign money held by a 
particular country which is divided in some 
proportion between private and official 
holdings. If some trader is regularly trading 
in terms of some currency and his central 
bank does not hold balances of it upon 
which he can draw, then on average he will 
have to hold a balance of it for himself. 
Similarly, if traders do hold sufficient stocks 
such that they never need to enter the for- 
eign exchange market, then the central bank 
would have no need for balances of that 
particular currency. In reality the picture is 
complicated by restrictions such as ex- 
change controls, but that particular ex- 
ample increases the interdependence by 
making reserve pooling mandatory. 

Thus, while it is conceded that the aggre- 
gate of reserves held officially may differ 
considerably from that which would be 
jointly demanded by traders when the com- 
position of actual official and private hold- 
ings is looked at, the two are not indepen- 
dent. So it might be expected that the model 
developed above should apply at least as 
well to total balance composition as it 
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would to either private or official balances 
separately (though data limitations make a 
proper disaggregated treatment difficult 
anyway).° 

Some lesser problems must now be dis- 
cussed, namely Eurocurrency, gold, banker 
country holdings, and identification. The 
importance of Eurocurrencies is central to 
the question of the correct measure of cur- 
rency balances. Should dollar balances, for 
example, be measured as U.S. short-term 
liabilities to foreigners as perceived in New 
York, or should Eurodollar deposits be 
added in some way. The view taken here is 
that Euromarkets are simply a system of 
secondary financial intermediation which 
do not add to the money stock and are 
therefore excluded, but to the extent that 
there is in fact net credit creation, bias will 
be introduced. To include aggregate Euro- 
currency data as it stands, however, would 
introduce greater error since there would 
be a large element of double counting; the 
interbank transactions are not totally netted 
out (at least for the period studied); some 
Eurodeposits are too long-term for inclu- 
sion; and finally, some Eurodeposits may be 
held by domestics of the country of issue 
for domestic reasons other than as an inter- 
national medium of exchange. 

Gold is also excluded since it was not 
judged to be an effective trading currency; 
private holdings are unknown; supply con- 
ditions are entirely different from those of 
the other currencies; and gold is a com- 
modity which may be demanded for entirely 
nonmonetary purposes. Implicit in the ex- 
clusion of gold is the assumption that al- 
though gold may be a substitute for foreign 
exchange in general, its effect can be sub- 
sumed within the overall portfolio con- 
straint and will not affect the composition 
of foreign exchange portfolios of given size. 

A further problem arises from the fact 
that choice between a number of currencies 
is studied as if the typical holder potentially 
holds some of each. There are two separate 


3Some limited disaggregated evidence is available in 
my dissertation. This indicates that the sterling equa- 
tion may suffer from aggregation errors. 
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aspects to this. First, private traders of 
banker countries do in fact hold their own 
national money and may use it for external 
trade, though this will not be included in 
the data used, rather it would appear in the 
domestic money supply. Secondly, central 
banks of banker countries only have a re- 
serve asset choice among currencies other 
than their own (or may be considered to run 
a portfolio of assets and liabilities). Indeed 
the United States is often thought to have 
no effective official foreign portfolio at all, 
though in fact the portfolio did become 
quite sizeable during the period of study, 
subsequently to fall. Notionally, therefore, 
the official reserves of banker countries 
should be treated separately, since they are 
operating under different constraints than 
those postulated. Those elements of the 
domestic moneys used internationally 
should be included since if they were not 
being used some other international money 
would be. However, neither the exclusion 
nor the inclusion is possible given present 
data availability, so the best that can be 
hoped for is that in the aggregate, the biases 
thereby induced will be small and to some 
extent offsetting. 

The position of banker countries might 
appear to be of some concern also for the 
treatment of speculation within the present 
- framework. There are three separate ways 
in which speculation could affect the model. 
First, there are the relative expected values 
of the international maneys themselves, and 
this is incorporated as it affects the pecu- 
niary yields. Second, there is speculation in- 
volving the expected value of other curren- 
cies, and this would have influence only 
upon the overall portfolio constraint, not 
upon its composition. But, thirdly, the 
possibility of speculation against a banker 
country could affect its own reserve hold- 
ings and, in so far as this is likely to affect 
some more than others, biases could result. 

The final question to be discussed in this 
section is that of identification. The model 
developed above leads to the derivation of 
demand functions on the part of foreigners 
for holdings of balances of particular cur- 
rencies, and it is necəssary to ascertain 
whether an estimation of these as they stand 
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will indeed prove valid estimates in prin- 
ciple. This is Clearly entirely dependent 
upon what suppy conditions are believed 
to have been. Th: data period taken in this 
study corresponds roughly to the decade of 
the 1960’s, which was a time of almost com- 
plete fixity of exzhange rates and of con- 
vertibility (at leas for the central currencies 
concerned). Convertibility is taken to mean 
that the central benk of the country of issue 
of a currency agrees to exchange that cur- 
rency into other surrencies as required, at 
or close to a fixed price. In such circum- 
stances, foreigners as a whole need not 
hold on to a parttular currency if they do 
not wish to, since by definition it can be 
freely changed inao other currencies. This 
means that foreigr held balances in condi- 
tions of convertibility are necessarily de- 
mand determined.. Complete convertibility 
of the currencies involved does then repre- 
sent a sufficient condition for identification 
of the demand equations; though a weaker 
set of conditions is sufficient for what fol- 
lows (except where world trade is included). 
These conditions may be called “weak con- 
vertibility” and weuld pertain so long as 
there is sufficient convertibility to ensure 
that the compositicn of currency portfolios 
is demand determired even if the balances 
of, say, one particular currency are exog- 
enously given. Weak convertibility may be 
defined as convertibility of all except one 
currency. Thus, if, say, the dollar were in- 
convertible, or holdzrs behaved as if it were 
so, such that foreigrers could or would not 
change dollars int» foreign exchange in 
New York, the foreign held dollar stock 
would be supply detzrmined. But so long as 
the issuers of substitute currencies were 
prepared to accept dollars in exchange for 
their own currency, :hen the proportion of 
dollars in currency portfolios remains de- 
mand determined.* Formally, then, it can 
be said that weak convertibility is generally 
assumed to be ident#ying, and the imposi- 
tion of the set of portfolio restrictions is 
overidentifying. 


4Subject to the banker . ountry exclusion discussed 
above. 
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III 


The model as it stands in equation (4) 
says that the exogenously given portfolio W 
will be distributed among the currencies x, 
according to the relative pecuniary return 
on each, r, and the relative importance of 
the country of issue in world trade T (where 
T is a vector of export values), r and T 
being assumed exogenous to holders. All 
parameters, K, V, and h are identified, but 
to estimate V directly requires a non-linear 
estimation procedure. Such estimates are 
reported below, but first, it was convenient 
to perform most estimates on the linearized 
form. 


(8) x= BT 4+ Kr + hW 


where B = KV and it is assumed that the 
restrictions applicable to K also apply to B, 
that is, the diagonali elements of V are 
identical. 

The linear estimation procedure may be 
outlined as follows. Let 


(9) Yi = XB; + £; 


be the ith equation of an m equation re- 
gression system, where y;is an n x | vector 
of observations on the ith currency, X; is an 
n x j matrix of observations on the j inde- 
pendent variables; 6; is aj x 1 vector of co- 
efficients and e; is an n x 1 vector of dis- 
turbances. The complete system may be 
stacked and written 


(10) Y=XB+E 


Then the ordinary least squares (OLS) esti- 
mate of B is 
(11) B=a(XX)'X'Y 


and the restricted least squares (RLS) esti- 
mate is 


(12) B=B 
+ (X' X) R'[R(X' XY R'] (r — RB) 


where the a priori restrictions can be ex- 
pressed 


(13) r = RB 


The estimates actually performed used the 
University of Essex MOARE program 
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which uses a two-stage RLS procedure sim- 
ilar to that above but with the additionai 
feature that estimates of the errors from the 
first stage are used to calculate the second 
stage, that is, : 

-l X) -1 R'. 

Q- X)-'R)-l(r — RB) 


(14) Š = B+ (X'Q 
[RCX’ 


where Q is the, appropriately stacked, esti- 
mate of the contemporaneous error vari- 
ance-covariance matrix. The non-linear esti- 
mates were performed on the University of 
Essex BMDX95 program, which uses a 
Gauss-Newton iterative procedure. 
Estimates were performed taking four 
foreign held currency balances (pound ster- 
ling, dollar, French franc, and deutsche- 
mark) quarterly for the period 1961 first 
quarter to 1970 second quarter (38 observa- 
tions). The balances data correspond where 
possible to short-term liquid liabilities to 
foreigners, which include both bank de- 
posits and marketable short-term govern- 
ment debt. Interest rates chosen were three- 
month Treasury Bill rates for the United 
Kingdom and United States, and three- 
month call money rates for France and 
West Germany. A dummy variable for the 
first 8 observations reflects the change in 
sterling series, and it is included in all equa- 
tions to preserve the portfolio symmetry. 
Table | reflects the estimates of equation 
(8) where all a priori restrictions are im- 
‘posed and where variables have been trans- 
formed to correct for autocorrelation. The 
overwhelming positive feature is that the 
sign pattern expected is strongly evident. 
The matrix of interest coefficients has posi- 
tive diagonals and dominantly negative off- 
diagonals and the only interest comple- 
mentarity is between the franc and deutsche- 
mark which is not a counterintuitive result. 
The matrix of trade responses is also well 
determined, though there is a significant 
wrong sign on French exports in the franc 
equation. One dominant feature which is a 
recurrent result in all the estimates per- 


5An additional stage of estimation was added taking 
an estimate of the autocorrelation coefficient fram the 
first stage. 
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TABLE 1—LINEAR MODEL WITH AUTOCORRELATION TRANSFORM 


Sterling Dollar Franc DM 
U.K. TBR 552 —212 —75 —264 
oe (3.4) (1.6) (1.2) (4.1) 
U.S. TBR —212 383 — 166 —4.5 
(1.6) (1.94) (1.5) (.07) 
French CMR -75 —166 137 104 
(1.2) (1.5) (1.8) (3.0) ` 
German CMR —264 —4.5 l 164 
(4.1) (.07) (3.0) (5.1) 
U.K. Exporis E7 ~—,66 —.06 —.99 
(4.4) (2.8) (.34)i (5.9) 
U.S. Exports — 66 37 .26 .02 
(2.8) (1.9) (2.4) (0.2) 
French Exports —~ 06 26 —.74 34 
(.34) (2.4) (3.3) (3.7) 
German Exports — 99 02 34 so 
(5.9) (0.2) (3.7) (4.58) 
Total Stock _ .36 6 .03 .03 
(1.3) (28) (1.8) (2.4) 
Data Dummy —474 —805 1114 329 
(.88) (2.1) (5.5) (1.4) 
R2 ~.4 98 6 85 
D.W. 1.7 1.6 1.6 1.7 


Notes: Variables are measured in current dollar values; ft-stati-tics shown in 
parentheses; D. W. is the Durbin-Watson statistic; number of observ. tions is 38, Pe- 
riod 19611 to 197011. 
TBR = Treasury Bill rate (3-month) 
CMR = Call Money rate (3-month) 
Total Stock = Sum of dependent variables 


Dolla: = U.S. short-term liquid liabilities to foreigners; sour-e: Federal Re- 


serve 


Sterling = Nonresident sterling balances; source: Bank of Engla—-d 
Franc = External public debt plus foreign deposits with Bank of France; 


source: Institut National 


DM = Short-term liabilities of German banks to foreaners; source: 


Deutschebundesbank 
Data Dummy = 1961-I-1962-IV 


Interest rates and exports; source: International Monetary Fund 


formed is the strong substitutability of ster- 
ling and deutschemarks as evidenced by the 


relevant coefficients in both the interest and 


the trade matrices. 

There is only one clearly unsatisfactory 
feature of the results in Table 1 and that is 
the poor R? in the sterling equation. It is ob- 
vious that the proximate determinant of this 
being negative is the absence of an inter- 
cept, but a number o? other features are 
worthy of brief comment. In my disserta- 
tion it is demonstrated that an equation 
identical to that in Table | works accept- 
ably well (i.c., with an R? in excess of .8) if 
private and official holdings are estimated 
separately. Below it is also demonstrated 


that, even in the absence of an intercept and 
in the aggregate, tke sterling equation is 
well determined so long as lagged adjust- 
ment is allowed. Anc it is also the case that 
the effects of structural or institutional 
changes need to be teken into account. One 
such change was -he Basle Agreement 
which became effective on September 25, 
1968 under which tae U.K. undertook to 
guarantee the dollar value of the bulk of 
sterling reserves in cxchange for a major 
support facility. An intercept dummy was 
introduced to captu-e the effects of this ` 
agreement and the result as presented in 


6See Bank of England, p 170. 
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TABLE 2—LINEAR MODEL WITH BASLE DUMMY 
Sterling Dollar Franc DM 
U.K. TBR 431 —218 6.4 —219 
(2.9) (1.6) (1.2) (3.9) 
U.S. TBR —218 480 —233 * 28,3 
(1.6) (2.2) (2.2) (.47) 
French CMR 6.4 —233 198 30.9 
(1.2) (2.2) (2.5) (1.0) 
German CMR -219 —28.3 30.9 217 
(3.9) (.47) (1.0) (6.8) 
U.K. Exports 1.3 —,73 14 —.69 
(3.2) (2.7) (.94) (3.8) 
U.S. Exports —.73 4 .09 23 
(2.7) (1.5) (.8) (1.8) 
French Exports 14 09 —.17 —.06 
; (.94) (.8) (.95) {.45) 
German Exports —.69 .23 —.06 A 
(3.8) (1.8) (.45) (3.4) 
Total Stock 38 58 02 .02 
(13.6) (22.3) (1.4) (1.3) 
Data Dummy —894 —587 1050 415 
(2.2) (1.7) (7.6) (2.4) 
Basle Dummy —3390 1368 653 1317 
(6.6) (3.2) (2,2) (4.7) 
R2 44 29 86 93 
D.W. 1.3 1.2 1.4 1.4 


Notes: See Table 1; Basle Dummy = 1968-III-1970-II. 


Table 2. It is clear that the Basle Dummy 
has considerable explanatory power. There 
was a shift out of sterling in excess of $3 
billion which indicates that even the Basle 
Agreement was not sufficient to compensate 
for the qualitative decline in sterling which 
made support necessary. The positive fea- 
ture of the sign pattern of coefficients is 
somewhat strengthened though it should be 
noted that no further attempt was made to 
correct for autocorrelation. 

When judged by the R?, it is clear that the 
dollar equation has so far demonstrated the 
best overall goodness of fit. It might be ob- 
jected, however, that since dollars are in ex- 
cess of two thirds of total balances, the in- 
clusion of the total in the dollar equation is 
bound to provide a good explanation. To 
meet this objection it is necessary to intro- 
duce the auxiliary hypothesis that the total 
stock of currencies held, W, is itself demand 
determined, and that this stock demand de- 
pends solely on the value of world trade 
which is exogenous. This can be thought of 
as a two-part decision hypothesis; in the 
first instance the aggregate value of inter- 


national moneys demanded depends upon 
the value of world trade, yet the composi- 
tion of the aggregate still depends upon the 
relative pecuniary and nonpecuniary ser- 
vices of the components. So (8) can now be 


_ written: 


05 x =a+4+ BT + Kr + mT 
where it is assumed that 
(16) W=d+yT 


so a = hd and m = hy; T is the value of 
world imports so it is being assumed that 
there is a linear relationship between W and 
F; 
The result of estimating equation (15) is 
presented in Table 3. It is clear that world 


- trade works very well and that the general 


characteristics of the sign patterns of cceffi- 
cients are retained. Only the franc shows no 
significant responses to trade in either the 
aggregate or composition so it is reasonable 
to conclude that the franc is not a signifi- 
cant international medium of exchange. 
The dollar is sensitive to trade composition 
where only the portfolio constraint is in- 
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TABLE 3— LINEAR MODEL, WORLD TRADE 








Sterling Dollar Franc DM 
U.K. TBR 217 —359 22.8 —181 
(2.1) (.06) (.051 (4.02) 
U.S. TBR —59 5 —339 — 
(.06) (2.85) (4.3) (1.3) 
French CMR 22.8 — 339 278 38 
(.05) (4,3) (5.4) (1.5) 
German CMR —181 —57 38 200 
(4.02) (1.3) (1.5) (6.9) 
U.K. Exports 0.7 —,26 .04 —,5 
(1.5) (1.0) (.2) (2.1) 
U.S. Exports ~.26 31 .03 ~.07 
(1.0) (1.4) (.24) (.63) 
French Exports 04 03 — 02 1 
(.2) (.24) (.9) (.07) 
German Exports -5 —.07 Ol = 
(2.1) (.63) (.07) (2.6) 
World Trade 9.6 54.7 2.06 8.4 
(2.55) (17.6) (1.3) (4.1) 
Data Dummy — 1593 1656 1126 909 
(4.6) (2.6) (6.8) (4.3) 
Constant 9061 —596 —24] —174 
(8.43) (.5) (.05) (2.7) 
R? .16 9 19 89 
D.W. .91 1.2 1.1 8 





Notes: See Tzble 1; World Trade = world imports; source: United Nat.ons 


cluded, but its position is obviously dom- 
inated by the effects of world trade in gen- 
eral. Sterling and the deutschemark remain 
responsive to both the trade aggregate and 
composition. The interest matrix also re- 
tains its desired pattern with such strength 
that the continued presence of autocor- 
related residuals should not cause excessive 
alarm. 

The final estimates to be presented are 
those.of the parameters of equation (4) 
which are non-linear. However, an addi- 
‘tional feature is introduced here, namely 
that the observed holdings are assumed to 
be only partially adjusted towards some de- 
sired level. The equaticn to be estimated is 
then 


(17) x, = MKVT, + MKr, + MhW, 
+ (I — M)x,_; 


where M is a matrix of adjustment param- 
eters. For present purpcses M is assumed to 
be diagonal but it should be noted that this 
violates portfolio consistency since it is not 


possible for one element of a portfolio to be 
in disequilibrium abne. The results should 
therefore be taken zs indicative rather than 
exact. 

The results appear in the Appendix. The 
parameter estimates are of the relevant ele- 
ments of the corresponding matrices so 
that, for example, my, to m4, are the diag- 
onal elements of M, being the adjustment 
coefficients in the sterling, dollar, franc, and 
deutschemark equations, respectively. The 
parameters k,,, etc. are those of the service 
yield matrix K, where the fourth row and 
column are implied Ey the others and so are 
not estimated. The slements of V are the 
trade response pararmeters which have pre- 
viously been unider_ified, and it is of in- 
terest to note that the size ordering of these 
is exactly the ranking ‘one would expect to 
attach to these currencies as media of ex- 
change, that is, dolar, sterling, deutsche- 
mark, franc. The gereral characteristics of 
the overall equation are satisfactory. The 
sign pattern of K is æ required and the R? 
of each equation, even sterling, is reason- 
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TABLE 4—F-Ratio TEST FOR ACCEPTABILITY OF PORTFOLIO RESTRICTIONS 








Table | 
Not Reported 
Table 2 
Not Reported 


Linear Model (12, 84) 
Linear Model + Intercept (12, 81) 
Linear Model + Basle Dummy (12, 81) = 1.87% 
Linear Model + Basle Dummy 

+ Intercept (12, 78) 


= 1.603> 





Note: The degrees of freedom of the numerator and denominator are shown in 


parentheses. 


aThe test statistic exceeds the 95 percent acceptable level but not the 99 percent. 
bImplies acceptability at the 95 percent level. 


able. The adjustment coefficients cannot be 
accepted literally, but they do indicate a 
wide discrepancy of adjustment speeds with 
the dollar appearing 70 percent adjusted in 
one quarter on the one extreme and sterling 
being 7 percent adjusted on the other. The 
adjustment process obviously requires fur- 
ther investigation. 

An F-ratio test’ was performed for ac- 
ceptability of the portfolio restrictions in 
the linear model. Test statistics for Tables 
1 and 2 are presented in Table 4. These 
show that the restrictions on Table | are not 
acceptable but the inclusion of an intercept 
would make them acceptable at the 99 per- 
cent level. Inclusion of a Basle Dummy, 
however, makes the restrictions acceptable 
at the 95 percent level, with or without an 
intercept. 


IV. Summary and Conclusions 


This study takes as its starting point the 
observation that substantial foreign held 
balances of a small number of currencies 
exist, and attempts to explain changes in the 
structure of these balances “as if” they were 
being demanded as international media of 
exchange. In particular, attention is directed 
at dollars, pounds sterling, French francs, 
and deutschemark balances, and the pro- 
portion held is deemed to depend on the 
relative pecuniary and nonpecuniary re- 
turns, the latter being related to the im- 
portance of the country of issue in world 
trade. 

The main empirical conclusion is that the 
pattern hypothesized is broadly supported. 


7See Henri Theil, p. 314. 


Interest rate effects are well established and 
robust, and for the study period expected 
exchange rate adjustments do not appear to 
seriously hinder estimation, though a 
dummy for the period since the Basle 
Agreement makes a significant explanatory 
contribution. The trade structure effects are 
generally less well established, though sub- 
stitutability between sterling and deutsche- 
marks is strongly evident. Doilar balances 
appear to be dominantly influenced by the 
aggregate level of world trade, rather than 
its composition, and the franc does not ap- 
pear to be influenced by trade at all, thus 
bringing into question its role as a true 
international medium of exchange. The 
portfolio restrictions imposed upon the 
linear model are found to be acceptable at 
normal probability levels when the model is 
extended to include a dummy for the Basle 
Agreement. 

The approach taken, although just about 
the simplest possible in this context, has two 
features of wider interest. First the notion 
of transactions demand is seen in a new 
light. There is a choice of moneys, they are 
not uniquely associated with specific trans- 
actions, and yet relevant transactions can be 
observed. This contrasts with the “‘domes- 
tic” demand for money literature where the 
money is presumed to be unique and the 
“work done” by money tends to be proxied 
by income or output rather than by transac- 
tions themselves. Secondly, changes in hold- 
ings of the balances studied have often been 
looked at as part of capital flows for the 
banker countries. This approach is comple- 
mentary to the task of explaining such 
flows. Finally, it would seem that the empir- 
ical work of which this is but a modest be- 
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ginning is a necessary precondition for 
assessing the required growth and composi- 
tion of international money balances. 


APFENDIX 
Non-Linear Model with Partial Adjustment 


The estimated equation system is x = 
MKVT + MKr + MhW + MdD + 
(I = M)x_, + @ 


Variables 

x, = sterling; x, = dollars; x, = francs; 
x4, = deutschemarks 

T; = U.K. exports; T, = U.S. exports; 
T, = French exports; 7, = German exports 

ry = U.K. TBR; ry = U.S. TBR; rn, = 
French CMR; r, = German CMR 

W = ix; D = data dummy 1961-I- 
1962-IV; x_, = one-period lagged depen- 
dent variables 


Parameter Estimates (these are elements of 
the corresponding matrices), asymptotic 
standard errors are shown in parentheses; 
and the asterisk indicates significance at the 
95 percent level. 


My = .072; My = A: My, = K E an 
(.051) (.08) (.13) 
My = .09 
(.07) 
kı = 919*; ky = ky = —195*; kg = 
(381) (63.2) 
k3; = — 152*; ky = 17.3; kr = kx = 55; 
(30.1) (20.2) (44) 
k3 = 219; ki = ~ (Ky + kn + kiz), ete. 
(164) 
Yy = .015*; Yy = 02; ¥33 = 0015; 
C005) (.018) (.0033) 
Vag = .004* 
(0019) 
h, = .085; ha = .7&*;h, = .09; 
(24) (.05) (.086) 
A, = 1.0 — (h, + h, + h3) 
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d, = —139; d, = —753*;d, = 698*; 
(157) (193) (208) 
d, = —(d, + d} + dz) 


Equations 
1) Sterling R? = .85, D.W. 
2) Dollar R? = .993, D.W. 
3) Franc R? = 84, D.W. 
4) Deutschemazk R? = 


ON ma 


2: 
i 
- 


3 — f ll 
' 


95, D. 1.4 
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New 


Structural Expectations and the Effectiveness 
of Government Policy in a Short-Run 
Macroeconomic Model 


By STEPHEN J. 


Over the past few years, expectations, 
and in particular inflationary expectations, 
have come to play a central role in macro- 
economic theory. In modeling these expec- 
tations two alternative procedures have 
typically been adopted. One approach is to 
specify them by some autoregressive func- 
tion of the variable being predicted, so that 
at any specified time t, say, they can be 
treated as given, being predetermined by 
past values of that variable. The most com- 
mon of such autoregressive procedures is 
the adaptive expectations hypothesis in 
which the forecast is adjusted tn proportion 
to the immediate past forecast error. 

Despite their widespread use in a variety 
of contexts, these autoregressive hypotheses 
have periodically come under severe criti- 
cism, especially when applied to predicting 
endogenous variables. The objections have 
been along the following lines. By fore- 
casting an endogenous variable using past 
values of that variable alone, one is clearly 
disregarding a considerable volume of 
available information relevant to that vari- 
able. In particular one is ignoring any 
knowledge one might have of the economic 
structure being analyzed, the very purpose 
of which is to provide predictions of the 
endogenous variable. Indeed there is no 
reason for the predictions generated from 
the autoregressive scheme to be consistent 
with those implied by the model. Hence it 
has been argued that if forecasters are 
aware of the structure of the relevant eco- 


*Professor of economics, Australian National Uni- 
versity. An earlier version of this paper was presented 
to the Workshop in Macroeconomics at the University 
of Virginia; I wish to thank participants of the work- 
shop for their helpful comments. The exposition of the 
paper has benefited from the suggestions of the manag- 
ing editor and an anonymous referee. 
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nomic system, the rational way for them to 
form their expectations is to base them on 
the predictions of the economic model. Of 
course this criticism does not apply to pre- 
dictions of exogenous variables, since by 
definition these are not explained within the 
framework of the model. 

This hypothesis, known as the rational 
expectations hypothesis, originated with 
John Muth. Formally it requires the fore- 
caster’s predicted value for period t, say, to 
equal the expected value of that variable as 
predicted by the system, conditional on all 
information available at the time the pre- 
diction is made (usually time (¢ — 1)). 

The insistence that expectations be ra- 
tional is also open to objections. In order 
for a prediction to equal the corresponding 
conditional expected value, it is necessary 
for the economic agents to have perfect 
knowledge of the complete economic struc- 
ture, except for the truly random dis- 
turbances. This means that they must know 
the values of all relevant parameters de- 
termining the underlying economic relation- 
ships, as well as the means of all exogenous 
variables, including exogenous government 
policy variables. While one can argue, as I 
shall, that given the availability of con- 
sistently estimated economic models, it may 
not be too unreasonable to assume that 
economic forecasters have unbiased esti- 
mates of relevant parameters, it is most un- 
likely that they will have such knowledge of 
exogenous variables, especially those under 
government control. Indeed, as I shall show 
below, in certain cases to be discussed, it is 
precisely in the government’s interests to 
deliberately misinform the public as to its 
proposed policies if it wishes them io be 
effective. As a result of the overwhelming 
quantity of information it assumes, the use 
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of rational expectations has itself come 
under critical review recently (see, for ex- 
ample, Benjamin Friedman, Robert Gor- 
don) especially in view of some of the rather 
dramatic implications it yields for short-run 
monetary and fiscal policy (see Thomas 
Sargent and Neil Wallace 1975, 1976). 
While one might not want to take the ex- 
treme position implicit in the rational ex- 
pectations hypothesis, nevertheless the basic 
idea it embodies, that expectations are gen- 
erated from some underlying economic 
structure, -is an extremely important one. 
With minor modification it can be adapted 
to provide useful insights into policy ques- 
tions in a situation where less information 
than that required Zor rationality is as- 
sumed. In this paper we consider the impli- 
cations of endogenizing expectations in 
such a manner for monetary and fiscal 
policy in a simple short-run macroeconomic 
model. We assume that forecasters have 
access to econometric models which pro- 
vide them with unbiased estimates of the 
true structural relationships. The assump- 
tion of unbiasedness is a simplifying one 
which could be modified without difficulty. 
From these structural relationships of the 
economy they generate their predictions of 
the . endogenous variables conditional on 
their predictions of the exogenous variables. 
In contrast to the rational expectations 
hypothesis, these exogenous predictions 
may be systematically wrong. Such will be 
the case if they are based on false informa- 
tion. If this is so, the endogenous forecasts, 
being based on the true structure, will also 
be systematically wrong. Given that the 
underlying exogenous information is incor- 
rect, there is really nothing irrational in 
committing such systematic forecasting 
errors. Nonetheless, to avoid confusion 
with existing terminology I shall refer to our 
expectations as structural rather than ra- 
tional. If the exogenous information is cor- 
rect, then these structural forecasts will 
turn out to be rational in the Muthian 
sense. Moreover, as a simplification we 
shall avoid the introduction of random dis- 
turbances, so that if the exogenous forecasts 
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are correct, the structural predictions will in 
fact hold exactly. rather than just on the 
average.! l 

My focus on tke short run is intentional. 
The reason for dding so is that the issues 
raised by endogz=nizing forecasts in the 
above manner are most relevant over a rela- 
tively short time period. In the long run any 
autoregressive hyDothesis used to predict 
endogenous variaples will be correct and 
will therefore be -ational. Likewise in the 
long run people saould be able to predict 
sustained exogeno.ts variables perfectly, so 
that their forecasts become rational as well. 
Indeed, as argued by Benjamin Friedman. 
recently, the notion of rationality being 
based on perfect nformation (other than 
purely random errars) is essentially a long- 
run concept. It is in the short run that 
systematic forecast.ng errors may be com- 
mitted and the go~ernment may have the 
scope to manipulace the public’s expecta- 
tions of its policies -f it so wishes. 


I. The Framework 


Consider the following linear system of 
equations describing the reduced form solu- 
tion at time ¢ of a macroeconomic model 


(1) x(t) = Ax*(t,c — 1) 
+ Bx*(t + 1,t — 1) + Cz(t) 


where 
x(t) = F x 1 vector of endog- 
enous variables at time 7 


(Similar approaches to _he one adopted in this paper 
can be found elsewhere ñ the literature. In the first 
place, our notion of struccural expectations is similar 
to that of consistent expectations as defined by Alan 
Walters. Secondly, it is aso close to that of condi- 
tionally unbiased predicticas as used in econometric 
estimation; see for examale Gordon Kaufman and 
F. W. McElroy. However, I prefer not to use these 
terms since they both sugest a complete stochastic 
specification, which I have not introduced. Thirdly, a 
more complete developmert of the underlying frame- 
work described in Section below, is given by Robert 
Shiller who formulates hs analysis within a fully 
stochastic context. His anazysis of the ‘‘general linear 
rational expectations mode~’ includes most of the con- 
ventional rational expectati ns models as special cases. 
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x*(t,t — 1) = n x 1 vector of predic-- 
tions of the endogenous 
variables, formed at 
time ¢t — 1, for time t 


x*(t + 1,f — 1) =n x 1 vector of predic- 
tions of the endogenous 


variables, formed at 
time t — 1, for time 
¿+l 


z(t) = m x l vector of exog- 
enous variables at time f 


A,B,C aten xn, nxn, nx m, 
matrices of coefficients 


Thus equation (1) can be interpreted as 
being a solution for a short-run linear (or 
linearized) macroeconomic model, in which 
the endogenous variables x(t) are de- 
termined in part by their expectations, 
formed in the previous period for both the 
present and next period, and also by the 
exogenous variables z(f), among which in 
general will be a subset of policy variables. 
As Section III below will show, recent 
macroeconomic models which stress the 
role of inflationary expectations are pre- 
cisely of this form. Indeed they provided 
the rationale for adopting this formulation. 
In addition to the arguments in (1), the 
solution may depend upon various lags of 
x(t), z(t), as well as expectations formed at 
various times in the more distant past, or 
for the more distant future. It is also possi- 
ble, although not very common among con- 
ventional macroeconomic models, for the 
short-run solution to be dependent upon ex- 
pectations of the exogenous variables. If so, 
the present framework can obviously be 
modified to incorporate them; only the 
complexity but not the substance of the 
analysis is changed. The matrices A, B sum- 
marize the short-run multipliers describing 
the impact effects of changes in expectations 
on the various endogenous variables for 
given values of the exogenous variables. 
The matrix C gives the short-run multipliers 
describing the impact of changes in the ex- 
ogenous variables, given that these do not 
affect the expectations. Multipliers of this 
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kind have been calculated recently in an ex- 
plicitly expectational context by Thomas 
Sargent (1972), the author (1974), and the 
author and Andre Kaspura, and therefore 
fit precisely into the present framework. 
Other examples of such multipliers calcu- 
lated in nonexpectational contexts abound 
in the literature and indeed form one of the 
standard methods of macroeconomic analy- 
sis. 

Consider now expectations. We invoke 
the basic idea underlying the rational ex- 
pectations hypothesis, namely, that fore- 
casters base their expectations of endog- 
enous variables on the predictions of the 
underlying economic model. For any arbi- 
trary j-period forecast horizon we describe 


this by 


(2) x*¥@-—-14+),t-1) = 
Ax*(t — 14 j,t — 1) + Bx*(t + j,t -— 1) 
+ Cz*(t-—1+ 7,t-— 1) forj = 1,2,... 
where x*(t + j,t) = prediction of x formed 
at time ¢ for timet + j 


z*(t + j,t) = prediction of z formed 
at time ¢ for time i + j 


Thus the prediction formed at time (¢ — 1) 
for j time periods ahead is conditional on 
the corresponding forecasts of the exog- 
enous variables, z*(t — 1 + j,t — 1). 

Applying equation (2) recursively yields 
the general solution 


(3) x*@-—14+/f,t-1) = 


> iU- A) BU ~ A) 
is9 
z*(t-—1l+i¢+j,t—1) forj = 1,2,... 


In particular, setting j = 1, 2 (the forecast- 
ing horizons in (1)) yields 


(4a) x*(t,2 - 1) = 2, (I — A)-'B]' 


«(I — A) Cz*(t + i,t — 1) 


854 THE AMERICAN ECONOMIC REVIEW 


(4b) x*(t + l,t— 1)= > 4 — A)~'B} 


r=0 
«(1 — A) 'Cz*G@ + 1 +i t- 1) 


Thus the predicted value of x for time t 
formed at time ¢ — 1 will depend upon the 
predictions formed at time ¢ — 1 for the 
exogenous variable for all future periods. 
The same proposition holds for an arbitrary 
forecast interval j. Moreover, in order to 
ensure that these endogenous predictions 
remain finite we require that the eigenvalues 
of the matrix (J — A)~'B all lie within the 
unit circle. If B = 0, so that only expecta- 
tions formed for the present period are 
relevant, equation (3) simplifies to the con- 
temporaneous relationship 


(3) x*(#-1+j,t-1) = 
(I — A)'Cz*(t — l +j,t-— 1) 
forj =l; Zs 


in which the predictiors of x for j periods 
ahead depend upon the corresponding pre- 
diction for the exogenous variables. 

It is an immediate consequence of (3) 
that if z*(¢ - 1+ 2+ j,¢ — 1) is purely 
autoregressively determined, so that its 
value at time ¢ — 1 is predetermined, the 
conventional assumption of treating x*(¢ — 
1 +j,t — 1) as exogenous at time t — 1 can 
be justified; it is simply a function of past 
z(t — i) (i = 1). This raises the question un- 
der what conditions can x* be written as an 
autoregressive function, and, more spe- 
cifically, when can it be described by an 
adaptive hypothesis? These issues, while of 
interest, are not central to the present dis- 
cussion, and are thereZore not pursued 
further here.” 


2More formally, if zg(r) denotes the initial vector of 
exogenous variables, and z; (z) is the adjusted vector of 
exogenous variables, the change we are considering is 
defined by dz(f) = zı (£) — zo(t) and measures a shift in 
the vector. In general this should not be confused with 
the alternative definition dz(t) = z(t) — z(t — dt) which 
measures the change in the given vector z between two 
time periods. The one point when the two definitions 
do coincide is the period in which the change is first 
introduced. By focusing on the tmpact effects of any 
policy change, this is in fact the period we are con- 
sidering. The same comments anc interpretation apply 
io the expectations dz*(t — 1) and to the other dif- 
ferentials defined below. 
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Inserting (4a) a. d (4b) into (1), with some 
manipulation we an write the solution for 
x(t) in the form 


wW 


(5) x(t) = $, - 4)B]U - A)". 


i=0 
Cz* (t + i,t— 1) - C(z(t) — z*(t,t — 1) 


thereby expressing v(t) in terms of z(t), to-. 
gether with the p dictions for all future 
exogenous variable formed at time t — 1. 

Now consider >quation (5) at time 
(t — 1 +j) Com aring this to (3) we 
can calculate the 'orecasting error com- 
mitted in predictim; the endogenous vari- 
ables j periods ahea l. This is given by 


(6) x@~-1+)-—-x*t-l1+jt-1)= 
24 U - Ay - 4)" 
"C[z*@ -1 +i+jt+}j-2) 
—z*(t*-~1l+ +t —- 1] 
+ C(z(t -1 +) 
—z*(t-~1l+y)t- 1)) 
a E ee 
and is seen to consi:t of two components. 
First there is the errc: in predicting the ex- 


ogenous variables; sé:ondly there is an er- 
ror which may. be inc iced through the up- 


dating of forecasts of the exogenous 


variables. In order fr the predictions of 

the endogenous variables at a given time 

t — | to be correct for any arbitrarily speci- 

fied system (i.e., for az »itrary A, B, C), it is 

necessary and sufficier : that 

(7a) z*(¢-—-1+ ft -— 1): 

zit -1+/)) 

z*⁄t-łi+i+jt+j-2) 

z*(f—-l+i+jt-!l), 
fori = Q,1,... 


i! 


(7b) 


That is, the j-period fc'ecast of the exoge- 
nous variables made at time ¢ — 1 must be 
correct. Secondly, the forecasts made at 
time ¢ — | fortime¢ — | + jand each sub- 
sequent period beyond . wust be the same as 
that made for the sarie period at time 
(t + j — 2). This impcies certain restric- 
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tions on how forecasts of z may be revised, 
but does not preclude the possibility of 
some revision. Note that if j = 1, (7b) holds 
identically; the irrelevance of this condition 
can also be seen directly by comparing (3) 
and (4). Essentially, with a forecast horizon 
of only one period, the possibility of updat- 
ing these forecasts obviously cannot arise. 
If further, we require the j-period predic- 
tions of the endogenous variables to be cor- 
rect for all forecasting dates ¢, it can easily 
be shown that (7a) must be strengthened to 


(8) z(t) = z*(t,t - j) 


That is, the predictions of the exogenous 
variables for all periods t and for all plan- 
ning horizons j must be correct. ` 
As already noted, equation (5) expresses 
the current endogenous variables x(t) in 
terms of 
(i) the current actual exogenous vari- 
ables z(t); 
(ii) the predictions of all exogenous vari- 
ables, formed at time t — 1, for time 
t and all subsequent periods. 
Taking derivatives of (5), we obtain? 


PEO as 





Ox(t) _ 4B, 
ee) éz(t) j 
x(t) = RE -f t 
(9b) TEEN) = (Z — A)-'AC] 
(90) x(t) 


ðz*(t + i,t — 1) 
= {[(7 — A) B) — A) CY 
i= 1,2,... 


where the prime denotes the vector trans- 
pose. The first effect is the impact of a 
change in the current exogenous variable 
z(t) on x(t) when no change is anticipated. 
This is precisely the expression obtained 
from (1), holding x*(#,¢ — 1), x*(@@ — 1, 
t — 1) constant. The second effect describes 
- the impact of a change in the predictions for 
the current period (formed in the previous 
period), with z(t), z*(@@ +i,¢-1)G@ 2) 
held constant. It therefore represents the 


`The derivative of the (n x 1) vector y with respect 
to the {m x 1) vector x, where y and x are related by 
y= Mx and M is an nx m matrix is conventionally 
defined by dp/dx = M'. 
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effect of an unsustained change in expecta- 
tions, and operates through the: expecta- 
tional variable x*(t,¢ — 1). An expected in- 
crease In an exogenous variable even if 
unrealized changes the expectations of the 
endogenous variables, which in turn will 
affect the actual outcome through equa- 
tion (1). Equation (9c) describes the analo- 
gous effects arising from an unsustained 
change in expectations for any arbitrary 
future period, again as perceived at time 
t — 1. These operate through the expecta- 
tional variables x*(t,t — 1), x*¥(t 4+ 1, 
t — 1), and it will be observed that they de- 
cline at a geometric rate as they relate to 
the more distant future. 

While equation (5) enables us to analyze 
the impact of a general time profile of pre- 
dictions on the system, in practice, the ex- 
pectations formed for the various future 
periods are most likely to be related. Thus 
as an important limiting case, we shall con- 
sider the situation where expectations 
formed at time ¢ — l are uniformly held for 
all future periods, so that 


(10) z*(—-1l+y,¢-1) = z*@—- l) 
E eee 
with z*(¢ — 1) denoting the (uniform) level 
of expectations held at time ¢ — 1. Substi- 
tuting (10) into (3), the corresponding sus- 


tained endogenous expectations held at 
time ¢ — | are 


(11) x*(t— 1) = x*¥(t-14+,t-1) 
= (I — A — B)'Cz*(t — 1) 
pe ND. c36 


which are also therefore uniform through- 
out the future. Differentiating (11), the 
incremental effects of a change in exoge- 
nous expectations on the endogenous pre- 
dictions are 


ax*(t — 1) _ Fan ete 
OY: Saga oa =e 
Similarly, it can be shown that (5) becomes 
(13) x(t) = (4 + BYU — A — B)" 
-Cz*(¢ — 1) + Cz(t) 


Thus the effect of a sustained change in ex- 
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ogenous expectations (i.e. sustained 
throughout all future periods) on x(ż) is 
given by 


(14) ex(t) 


dz*(t — 1) j 
{(A + BI — A — B)'C}’ 


Indeed the impact of sich a sustained antic- 
ipated change in the policy variables can be 
quite large relative to the impact of an 
actual policy change. This can be immedi- 
ately seen in the case where A, B, and C are 
scalars (denoted by corresponding lower 
case letters) when 


ax(t)/az*(t-— 1: a t+ b 
@x(t)/az(t)  t-(a+5) 


The ratio in (15) ranges between O and œ as 
(a + b) increases from 0 to 1. 

Henceforth, we shall focus our attention 
on sustained policy chenges, the effects of 
which are expected to continue throughout 
the indefinite future. Let us therefore re- 
strict ourselves to the simpler systems (11) 
and (13). In general, we shall hypothesize 
the following relationship 


(16) z*(t — 1) = Pz(t) 


where [ = diag (7;,...,’y,) and as in (10), 
z*(t — 1) denotes the prediction of the ex- 
ogenous variables made at time ¢ — 1, for 
the present time £. This forecast is expected 
to prevail throughout all future periods as 
well. Taking differentials of (16) yields 


(17) dz*({t — 1) = Tdz(t) 


which relates the change in the predictions 
of the exogenous variables (as measured 
from their initial levels) ta the correspond- 
ing changes in the exogenous variables.‘ 
Given that dz(¢) is sustained, (T — I) mea- 
sures the accuracy with which changes in 


(15) 


4Friedman has considered this question in the con- 
text where forecasters have perfec: knowledge of exog- 
enous variables, but learn the true structural relation- 
ships through a least squares learning process. He 
shows that under certain conditions this can yield an 
adaptive type expectations hypothesis. The analogous 
question in the present context is discussed in an ex- 
panded version of this paper and is available from the 
author on request. 


a 
an tT 
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the exogenous var:ables are predicted. It is 
important to stress that equation (16) does 
not specify any m‘chanism generating the 
exogenous forecast:. All this equation de- 
scribes is the exten to which actual exoge- 
nous changes are anticipated, irrespective 
of the forecasters’ s -urce of information.’ If 
these expectations are formed autoregres- 
sively, then whethe: or not an increase in 
z(t) is anticipated vill be dependent upon 
the source of the citange. For example, if 
z(t) is itself autorsgressively determined 
with a similar autcregressive structure to 
z*(t — 1), then any increase in z(t) gen- 
erated by the au‘oregressive structure 
should be anticipate: with a high degree of 
accuracy. On the oth:r hand, if the increase 
in z(t) is due to ran::om disturbances, one 
would expect it to heve very little immedi- 
ate impact on expec:ations; the exogenous 
disturbance will need time to feed into the 
autoregressive proces . However, the expec- 
tations z*(t — 1) mar be based on various 
other kinds of extraneous information, such 
as policy intentions ainounced by the gov- 
ernment. The exact niture of the informa- 
tion can be left unspec fied and is of no par- 
ticular concern, at kast in the present 
context. 

Taking differentials of (13), and substi- 
tuting (16) yields 


(18) dx(t) = 
(A + BMI — A -- B)-'CT + Cldz(t) 
and using (12), can be written as 


(19) dx(t) = 


ox*(t - I)\' 
(a + B) (a =) P+ c)azto 





Any actual exogenous ciange can therefore 
be seen to have two efzcts. First, there is 
the direct effect C as be pre. Second, to the 
extent that the change i anticipated, it will 
give rise to an induced expectational effect. 
With perfect forecasting T = J, so that (18) 
simplifies to® 


(18) dx(t) = (I — A — B)-'Cdz(t) 


5A similar general approach D that undertaken here 
has been followed by Leif Joh: asen in his analysis of 
the use of forecasts in policy de sions. 

In the long run, of course, ` = J and expectations 
are rational. 
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Il. Application to the Short-Run 
Macroeconomic Model 


We now apply the framework discussed 
in Section I to a variant of the short-run 
macroeconomic model analyzed in my 1974 
paper. This model consists of the following 
relationships:7 


(20a) Y(t) = C(Y(@)C — W) + Ir) 
— p*(t+ 1,t — 1) + G(t) 


0O<c’ <1, I'< 9 
(20b) L(Y(t), r(t) p*(t + 1,t - 1) = 
M M 


PŒ) PE- DA + pO) 
L, >0, 2, <0, L; <0 
(20c). p(t) = a + a,(Y(t) — Y) 
+ bp*(t,t — 1) aj>0,O s6b6s1 
(20d) AM(t) + AB(t) = 
[G(t) — uY (t)] P(t) = 
[G(t) — uY (e) PE — DO + pe) 


Y(t) = real national income in 
period t 


where 


C(t) = real consumption plans 


in period ¢ 

I(t) = real investment plans in 
period ¢ 

G(t) = real government expen- 
diture in period ¢ 


u = rate of taxation (as- 
sumed to be propor- 
tional) 

r(t) = nominal interest rate at 
time f 


P(t) = price level at time t 
ptt) =[P@) - P@ - IDI/ 
P(t — 1) = actual rate 
' of inflation in period # 
p*(t + 1,¢ — 1) = anticipated rate of infla- 
tion during period ¢ + 1, as expected at 
time t — | 
p*(t,t — 1) = anticipated rate of infla- 
tion during period ft, as expected at time 
t-l 
L = demand for real money 
balances in period t 


7Throughout the remainder of this paper a prime is 
used to denote the derivative of a function of one 
variable. Partial derivatives are indicated by numerical 
subscripts. 
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M(t) = nominal supply of 
money at time f 
B(t) = nominal stock of gov- 
ernment bonds at time ¢ 
(taken to be variable- 
interest rate bonds) 
Y = full-employment level of 
real output 


This is basically just a conventional 
IS-LM model, augmented by the inclusion 
ofa Phillips curve embodying the “expecta- 
tions hypothesis.” Underlying it is the fa- 
miliar notion of Hicksian- or Patinkin-like 
market periods, in which expenditure and 
asset plans for time ¢ are made at time 
t — 1.8 Equation (20a) describes product 
market equilibrium, in which consumption 
depends upon disposable income and in- 
vestment upon the real rate of interest. 
Given that investment plans for time ¢ (i.e., 
to be put into effect over the period 
(t,t + 1)) are made at time ¢ — 1, the rele- 
vant expected rate of inflation for the in- 
vestment decision is p*(t + 1,¢ — 1), that 
expected at time ¢ — | for the next period 
(t,t + 1). Money market equilibrium is de- 
scribed by (20b), with the demand for 
money depending positively upon income 
and negatively upon both the nominal in- 
terest rate and the future expected rate of 
inflation.? A money demand function of the 
form in (20b) can be readily obtained if one 
follows James Tobin in assuming that the 
demand for real money balances depends 
positively on the real return on holding 
money (minus the rate of inflation) and 
negatively on the real return on holding 
bonds.'? Note also for precisely the same 
reasons as investment, it is the expected rate 


8To avoid confusion, time intervals must be defined 
carefully. All transactions are assumed to take place at 
thediscrete points of time ¢ = 0, 1, 2, etc. The time sub- 
script on stocks therefore refers to the quantity at 
time ¢. For flows, the time subscript refers to period t, 
i.e., the unit time interval (t — 1, £). 

9For simplicity we abstract from a fractional reserve 
banking system, so that M (t) refers to the monetary 
base. 

\0For example, a Tobin-type money demand func- 
tion would be /[Y (0, r(O — p* (t+ 1, t— 1), — p*(t+ 
1,t~ 1)] where /, > 0, h < 0, /3 > 0. Rewriting this as 
the function L in (20b), this corresponds to L; = l}, 
Ly = ln, L3 = -(la + l3). Our assumption L3 <0, is 
therefore equivalent to j > —/,. 
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of inflation over the market period (f,¢ + 1) 
which is relevant. The actual rate of change 
of prices is postulated in (20c) to depend 
upon excess demand in the product market, 
as well as upon the expected rate of infla- 
tion which at time ¢ — | was expected to 
prevail for the present period (t — 1,1). The 
coefficient 6 measures the extent to which 
inflationary expectaticns are directly re- 
flected in current price changes; the case 
b = | gives rise to the “natural rate of 
unemployment.” The final equation de- 
scribes the government budget constraint in 
nominal terms. The nominal deficit is fi- 
nanced either by printing money or by issu- 
ing bonds, which for simplicity are assumed 
to have variable interest rates. 

This is an extremely simple one-period 
model, abstracting from such things as 
wealth effects in consumption and money 
demand, as well as interest payment on gov- 
ernment debt, which form part of dispos- 
able income and contribute to the govern- 
ment deficit. The reason for abstracting 
from these factors is twofold. First, they 
really become important only in a longer 
run analysis. Most empirical studies suggest 
that wealth effects do not operate immedi- 
ately. Moreover, I have shown elsewhere 
(1975) that in order to be consistent with 
the aggregate budget constraint of the 
economy, they must be introduced with a 
one-period lag. Hence they do not affect our 
first-period results, although they will begin 
to come into effect in tne second period. 
Second, when they do become operative 
they introduce indeterminacies into the re- 
sults, which tend to obscure the relevant 
issues which are our main concern. 
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The model is alo similar in many re- 
spects to that used by Sargent (1973) and 
by Sargent and W:llace (1975). It is less 
general than theirs in the sense that they 
consider a fully stoc:astic system; it is more 
general in that it dces not restrict the price 
expectations coeffici:nt b to be unity and al- 
lows for biased fo-ecasts of government 
policy. However, the: two models are quite 
consistent and the sstem described by (20) 
yields deterministic analogues to the Sar- 
gent and Sargent-wWallace propositions 
when these more stingent conditions are 
imposed. 

It is clear from (0d) that of the three- 
government policy vzriables, G(¢), AM(t), 
AB(t), only two car: be chosen’ indepen- 
dently, with the thiri being endogenously 
determined from this constraint. It is con- 
venient for us to take the two independent 
variables to be G(t) and AM(t), allowing 
AB(t) to be the resid :ally determined vari- 
able. In this case, in te absence of wealth 
effects and interest payments, AB(t) has no 
feedback effects on tae other endogenous 
variables Y(t), r(t), pū), so that there is no 
need to consider (20c: explicitly. We may 
therefore solve the sys =m recursively in the 
sense that (20a)-(20c together determine 
Y(t), r(t), p(t) in term: of p*(t + 1,1 ~ 1), 
p*(t,t — 1), M(t), GC) (and other exoge- 
nous parameters) with AB(t) then deter- 
mined from (20d). Nove also that since the 
system involves expectations for time ż, as 
well as for time (¢ + ), it is a non-linear 
form of the system posi lated in (1). 

With appropriate rearrangement of 
(20a)—(20c), the differer ial of this subset of 
equations can be writt:nm as equation (21). 


l- C'(l- u) -I 0 dY (t) 

M(t) 
(21) — L; -La e POC + pd) dr(t) 
= G 1 dp(t) 


—l'dp*(t+ 1, — 1) + dG 
=| L,dp*(t + 1,t - 1) ~ dM(O/PM 
bdp*(t,t — 1) 
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dY(t) 0 0 


(23) | adr{t)}| =|0 0 


dp(t) 0 0 7 


J 
J 


J 
xh 
J 
L, + a,M/P( + p) 
J 


—a,L, 
J 


+ 


The matrix on the left-hand side of (21), 
F say, which is just the matrix of partial de- 
rivatives of this subsystem, can easily be 
shown to be a P matrix. Thus invoking the 
David Gale-Hukukane Nikaido univalence 
theorem, it follows that this system can be 
solved uniquely for all endogenous vari- 
ables, for any arbitrary set of values for the 
exogenous variables and parameters.'! We 
can therefore write 


(22a) p(t) = f[p*(t + 1,t -— 1), 
p*(t,t — 1), MM, GM] 

(22b) Y(t) = glp*(t + 1,4 — 1), 
p*(t,t 1), M(t), G(t)] 

rit) = A[p*(¢ + 1,t — 1), 
p*(t,t — 1), M@), GM] 


(22c) 


114 square matrix is defined to be a P matrix if all 
its principal minors are positive. If this condition is 
met, the Gale-Nikaido global univalence theorem en- 
sures that the system can be solved uniquely every- 
where for the endogenous variables; i.e., globally. It 
is a much stronger condition than the nonvanishing of 
the Jacobian, which ensures only /oca/ uniqueness. 


bI'M 
P( + pJ 
[1 — C'(1 — u) Mb 
P(O + p)J 
f—~ZL,[1 — C’U — uw] — I’'L,]b 


I'(L, + £3) 
Lfl — C'(i — a] -a l 'M/P( +p) - Of 


a,I'(L, + La) 
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dY*(t,t — 1) 


dr*(t,t — 1) 
\ 


\ 
dp*{t, 1. 
\ 


` 


dY*(t + 1,¢- 1) 


1) 


dr*(t +1,4 — Ly 


dpř(t + 1,t — 1) 


af 
PJ 
—[i — C’U — u)] 
PJ 
~A l’ 
PJ 


daG(t) 


dM (t) 





Premultiplying (21) by F~, the system 
can be solved for the changes in the endog- 
enous variables in the form shown in qua- 
tion (23) where 


SSA oC =a) aia 
3 ~al'M/P( + p) > 0 


Equation (23) is precisely of the form of (1) 
(expressed in changes rather than levels), so 
that the three matrices appearing on the 
right-hand side can be identified with A, B, 
C, respectively.’ Their corresponding ele- 
ments accordingly can be interpreted as in 
equation (1) above. In particular, C sum- 
marizes the effects of change in G(t), M(H) 
on the assumption that expectations remain 
unchanged. I shall henceforth refer to these 
as the direct effects, the signs of which are 


12Since equation (23) has been obtained by lineariz- 
ing the system (20), we can consider only local sta- 
bility. The partial derivatives and expressions appear- 
ing in (23) are therefore being evaluated at their 
equilibrium values. 
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straightforward and do not require any 
elaboration." 

In order for (23) with endogenously de- 
termined expectations to be stable, we have 
seen that the matrix ({ — A)~'B must have ' 
eigenvalues lying in the unit circle. For the 
matrices A, B in (23), it can be seen that 
two of the eigenvalues of (J — A)~'B are 
zero; the remaining eigenvalue can be 
shown to be positive and the condition for 
it to lie within the unit circle is 





(24) ay’ 5 Q< (1 -HJ 
where Q = & 4 Set 2 
r p* l.+p 
and œe, = interest elasticity of the demand 


for real money balances (=(£yr)/ 
(M/P)) 

ep. = elasticity of the demand for real 
money balances with respect 
to inflationary expectations 


(=(L3p*(t + 1,t — 1))/(M/P)) 


The expression Q played an important 
role in the comparative statics discussed by 
the author (1974), which treated expecta- 
tions as an exogenous parameter. There it 
was argued that on the basis of plausible 
parameter values one would expect 2 < 0.4 


13See the author (1974), where they are discussed 
in more detail. To summarize these results, we see that 
an increase in M(t) will raise Y(t), p(t), and lower 
r(f); an increase in G (f) will raise all three endogenous 
variables. 

i4The argument that 2 < 0 was based on the follow- 
ing considerations. Typical estimates of the short-run 
interest elasticity of the demand for money are about 
—0.03. There is much less available evidence on eps 
and we take the estimates of —C.01 obtained by Law- 
rence Smith and John Winder. Assuming r = 0.04, 
p* = 0.02, which are the avercges over the sample 
periods upon which these estimates are based, we 
obtain e,/r = —0.75, eye/p* = —0.50 so that Q <0 
for all feasible values of b in range 0 <b < 1. More 
recent estimates of demand for money functions in- 
volving the nominal interest rate and the anticipated 
rate of inflation by Stephen Goldfeld tend to confirm 
these magnitudes. However, we definitely cannot rule 
out the possibility that Q > 0. Indeed I argue below 
that these estimates were obtained over periods of 
relative price stability, when 7 and p* are low relative 
to their recent values. Increasing the values of r, p* 
and taking b = 1, the possibility of Q > 0 now be- 
comes quite plausible. 
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In this case an inc ease in (exogenous) in- 
flationary expectations would increase real 
income, thereby increasing the actual rate 
of inflation in exces: of b (the direct effect 
from the Phillips ciarve), and would lower 
the real rate of intezest. In the event that 
Q > 0, the directior: of these effects would 
be reversed. 

With structurally determined expecta- 
tions, however, we 3ee that stability con- 
siderations in fact i napose a restriction on 
Q.Ifb < 1, then Q z 0 is quite compatible 
with stability; indeed the smaller b, the 
more likely it is that both the stability con- 
dition 24) andQ < (hold. If 6 = 1, on the 
other hand, Q > 0 b:comes both necessary 
and sufficient for sta -ility. Furthermore for 
b = 1, the likelihooc' of Q > 0 being met 
also increases. Whil: for the parameters 
quoted in footnote 14, b = 1 implies Q = 
—0.27, and hence in tability, it should be 
noted that these est-mates were obtained 
over periods of relatively low inflation and 
low nominal interest rates, when estimates 
of b also tended to be aw. Recent empirical 
evidence would sugg:st that values of b 
close to unity occur in Deriods of high infla- 
tion. Thus for examole, taking r = .08, 
p* = 0.08 as more rej resentative of recent 
experience, and doubl.ag e,» to say —0.02, 
we find that Q = 0.30, ensuring stability. In 
any event, irrespective of this empirical evi- 
dence, we require (24; to hold and hence- 
forth shall include this :ondition among our 
restrictions. 

As indicated in Secticn I, we shall be con- 
cerned with analyzing the effects of sus- 
tained policy changes. An important com- 
ponent of these is coniained in the matrix 
(I — A — B)"'C, whic summarizes the in- 
cremental effects of chenges in the predic- 
tions of exogenous variables on the struc- 
tural expectations; see (12). With A, B, C as 
defined in (23), these irduced expectations 
effects are given by equeiion (25) where the 
elements aj, bj, Cy are all given in (23). 
From (23) and the stabrity condition (24), 
it can be seen that 


(26) 


ensuring that the denon nator of the var- 
ious elements in (25) are .ul positive. 


l > ay + Ey > 0 


meee ese 
tint nam 


ae 


VOL. 67 NO. 5 


dY*(t — 1) Ci. ts 


(25) Įdr*(t — 1) | =| ca + 


C31 


dp*(t — 1) 
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(aiz + bi3)c3 5 
1 — (@33 + 533) 


(an + by) is 
1 — (a3 + 533) 


l — (az + bz) 


(aa + by3)C32 
l — (an + bz) 


(an + 523) C32 
1 — (@33 + 533) 


dG*(t — 1) 


dM*(t — 1) 
C32 
1 — (az + 533) 





The elements of the matrix in (25) sum- 
marize the effects of changes in the antic- 
ipated money supply and government ex- 
penditure on the anticipated rate of inflation, 
level of income, and nominal interest rate. 
It is of some interest to compare these an- 
ticipated effects with the corresponding 
actual effects (what we have been calling the 
direct effects) summarized by the elements 
of C. 

First, it is an immediate consequence of 
(25) that the effects of an anticipated ex- 
pansionary government policy (either an in- 
crease in G*(t — 1)or M*(t — 1)) will raise 
the anticipated rate of inflation. Moreover, 
its effect is stronger than the corresponding 
direct effects of actual policy changes on the 
actual rate of inflation. The reason is that 
the latter, given by c3, and c3 in (23), do not 
embody any induced expectational impact; 
these are explicitly incorporated in (25) 
through the term 1/{[1 — (az, + 533)]. 

Secondly, it can readily be shown that if 
b <1 and Q < 0, the effect of an antici- 
pated increase in the quantity of money or 
government expenditure on the expected 
level of income will also be stronger than 
the corresponding direct effect measured by 
Ci, C12, respectively. On the other hand, if 
b = | sothat Q > 0 (as required by the sta- 
bility condition (24)), anticipated govern- 
ment policy will have no effect on expected 
income. The reason is that with b= l, 
Y*(t - 1) is expected to remain at its 
natural rate and is therefore independent of 
any government policy." 


ISThis can be seen by using the definition in (23) 
to evaluate the elements 


(a13 + b13)c3; 


j=1,2 when } = 1 
l — (a33 + b33) 


Thirdly, the effect of an increase in 
M*(t — 1) on the expected nominal interest 
rate is indeterminate. While the direct 
effect, ca < 0, an increase in M*(t — 1) 
will also raise the anticipated rate of infla- 
tion, the effect of which is almost certainly 
to raise r*(t — 1), thereby making the net 
effect ambiguous.’® With b = 1, however, 
and Y*(t — 1) independent of M*(¢ — 1), 
it follows from the (expected) product mar- 
ket equilibrium condition that the expected 
real rate of interest must also be inde- 
pendent of M*(t — 1). Thus since an jin- 
crease in M*(t — 1) will raise the expected 
rate of inflation, the expected nominal in- 
terest rate must rise as well. By contrast an 
expected increase in G*(t — 1) holding 
M*(t — 1) constant (i.e., bond financed) 
will raise the expected nominal interest rate 
unambiguously. l 

Finally, substituting (Z— A ~ BY'C 
into (13), we can express the changes in the 
endogenous variables in terms of the simul- 
taneous changes in the exogenous policy 
variables and their expectations. These are 
given by equation (27). The first matrix of 
(27) summarizes the consequences of the 
induced expectational effects just.discussed; 
the second matrix C simply gives the direct 
effects, as before. Equation (27) forms the 
basis of the analysis of policy changes, to 
which we now turn. 


l6There is a slight ambiguity in this statement aris- 
ing from the fact that my assumptions do not suffice 
to ensure az + b3 > 0. To the extent azı + b23 is 
ambiguous the impact of an increase in inflationary 


l 


f 


expectations (treated as an exogenous parameter) on . 


the expected rate of interest is indeterminate. How- 
ever, for plausible parameter values one would expect 
with some confidence that a23 + 623 > 0, creating the 
overall ambiguity discussed in the text. 
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(an + burden 
1 — (@33 + 533) 


avo) /dG*(t ~ 1) 
(27) ar(t) |= (an + bn)ca (an + B23) ex 
Ay ba) 1 = ag ba) 

apt), dM*(t — 1) 


(az + b33)¢3) 
1 — (a3 + 533) 


Ci C42 


+ | C 


C3 C32 


III. Monetary and Fiscal Policy 


We now consider the short-run effects of 
changes in monetary and fiscal policy on 
the endogenous variables of the model. 


A. Open Market Operation ` 


Assume for simplicity that the govern- 
ment deficit at time :— 1, D(t — 1) = 
[G(t — 1) — uY (t — 1)] = 0. The budget 
constraint at time ¢ can then be written in 
differential form as" 


(20d’) dM(i) + dB(t) = 
[dG (i) — udY(t)] P(t) 


Setting dG(t) = 0, an open market opera- 
tion is thus described by 


(28) dB(t) = —dM(t) — udYit)P(t) 


Treating dM(t) as the independent policy 
variable, this equation describes the re- 
quired transaction of bonds given the ini- 
tially balanced budget and the induced tax 
receipts, which will follow from the result- 
ing change in income. 

We shall assume that dM*(t — 1) and 
dM (t) are related by 


(29,  dM*(t — 1) = 3dM() 
so that (6 — 1} measures the accuracy with 


which the change in money supply is pre- 
dicted. It is overpgedicted, perfectly pre- 


Tin interpreting the government budget constraint 
written in differential form, the comments made in fn. 
2 should be borne in mind. 


dG(t) 
pe A 


(ass + 613) ¢32_ 
1 — (a3 + 533) 


dicted, or underpr=dicted according as 
ô = 1. If < 0, the direction, as well as the 
magnitude of the chenge is incorrectly pre- 
dicted. Inserting (29° into (7), the short- 
run impacts of changes in the money supply 
can be obtained (whe-e for simplicity time 
subscripts are dropped in the resulting ex- 
pressions): 











dp(t) ( (az + b33)6 j- 
30a = dC, 
O08) iy ~ ©? (T= Gs + by) 

_ [abt + F'ayMQ/P) 

a re by — T'a,MQ/P } 
dy (t) cyla : + by3)6 
30b Ss 
conn dM(t) 1 — (333 + ba) =e 
e [| oa FQm/P 
"AC — b)2 — ayMQ/P- 
dr(t) C32(d2, + b23)6 
30c _ Salz + Pa) 
on aAM(t) 1 — (3 + 433) ve 


Let us first considec the effect on the 
short-run rate.of inflatron. This consists in 
part of the direct effect cĉ». In addition, to 
the extent that the chenge is anticipated, 
there is an induced efect which operates 
through the endogenou: inflationary expec- 
tations. Given the fact t:at 1 > a3; + b3 > 
0, this is always positive as long as the direc- 
tion of the change is ccrrectly anticipated 
(6 > 0). That is, the antcipated increase in 
the quantity of money will raise the antici- 
pated rate of inflation ra accordance with 
(25), and this in turn wll increase further 
the actual rate of infla ion. Note that as 
commented in Section I. the impact of this 
expectations-induced effect may be quite 
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large relative to the direct effect, especially 
if the policy change is predicted with ac- 
curacy. Taking ô = 1, Q < 0, and b = 0.8 
(a reasonable estimate in the light of em- 
pirical evidence), then 


ap(n/aM*(r- 1) b 
p/a MA) 1-b 


Thus the induced effect is more than four 
times that of the direct effect. This does 
have some policy implications. It means 
that if the government wishes a contrac- 
tionary monetary policy to have maximum 
impact on reducing the rate of inflation, it 
should inform the people that such a re- 
strictive policy will be introduced. That 
way it will be able to generate significant 
expectational effects which will contribute 
substantially to the desired impact of the 
policy change.'® 

The effect on output is given in (30b). 
Suppose Q < 0, 6 > 0; then both the direct 
effect and the induced-expectations effect of 
an anticipated increase in M(t) will be ex- 
pansionary. An increase in the anticipated 
supply of money will raise the expected rate 
of inflation, and thereby investment and 
output. And the more people anticipate the 
expansionary policy, the more expansionary 
it will be. 

Taking b = 1, however, 


dY(t) 
dM (t) 


In this case, the expectations effect will be 
offsetting. The reason is that in order to en- 
sure stability, it is now necessary for Q > 0, 
the consequence of which is for the induced 
increase in the expected rate of inflation to 
have a contractionary effect. If, further, 
ô = l, we see that a change in the money 
supply will have no effect on output; the in- 
duced expectations effect will exactly offset 
the conventional direct effect. With 6 = 1, 
all endogenous variables will be predicted 
perfectly, so that expectations are rational 
in the Muthian sense. Thus from (20c) and 


= 4 


= epl — ô) 


IIt is worth noting that the main reason for the 
large induced expectational effect is due to the sus- 
tained nature of the change in policy. 


(31) 
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(25) we see that Y(t) = Y*(t ~ 1) = Y and 
is fixed. And this is precisely the result ob- 
tained by Sargent (1973) and Sargent and 
Wallace (1975) referred to earlier. If expec- 
tations are rational and the natural rate 
hypothesis holds, monetary policy is in- 
effective in controlling output even in the 
short run.’? Put another way, if b = 1, the 
only way monetary policy can influence 
output in the conventional way is if the 
government can succeed in making people 
underpredict the policy change (i.e., 6 < 1). 
On the other hand, if 6 > 1, its effects will 
be perverse. 

For Q < 0,6 > 0, the effect of a change 
in M(t) on the nominal interest rate is inde- 
terminate. The reason is that while the di- 
rect effect of an increase in M(t) will be to 
lower it, the increase in inflationary expec- 
tations so generated will (almost certainly) 
tend to raise it.” In this case, if the mone- 
tary authorities wish to lower the interest 
rate by means of an expansion in the money 
supply, then in order for this policy to be 
effective, it should deliberately try to mis- 
lead the public into believing that a con- 
tractionary policy is about to take place. 
That way, the offsetting expectationa! ele- 
ment will operate in the desired direction. 
In the natural rate case b = 1, and with 
perfect predictions 6 = 1, both effects op- 
erate in the same direction making dr(t)/ 
dM (t) > Ounambiguously. 

It is also of interest to consider the effect 
on the real rate of interest r(t) say = r(t) — 
p*(t — 1). This is simply 


dr,(t) RA 
IMO P” i 





MQ C326 
1 — (az + bz) 


For Q < 0, ô > 0O this will be unambig- 
uously negative. But if b = 6 = 1 so that 
conditions for both the natural rate of un- 


19This is the deterministic analogue to Sargent’s 
first proposition that “...a natural rate of output 
exists in the sense that the deviation of output from 
its normal level is statistically independent of the 
systematic parts of monetary and fiscal policies; ...” 
(1973, p. 442). 

20In this connection the indeterminacy noted in fn. 
16 above should be borne in mind. 
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employment and rational expectations pre- 
vail, then it can readily be shown from (31) 
the real rate of interest is independent of 
the money supply, consistent with a second 
proposition obtained by Sargent (1973).” 


B. Bond-Finauced Increase 
in Government Expenditure 


This case is considered by setting dM (t) = 
0 in (20d’) so that 
(32) aB(t) = [dG(t) — udY (t) PO 


The results it yields are virtually identical to 
those we have been discussing for an open 
market operation. Assuming that dG* 
(t - 1) and dG (t) are related by 


dG*(t — 11 = udG(t) 
where (x — 1) measures the accuracy with 
which dG (t) is predicted, we obtain 


dp(t) (a33 + 533)u 
33 T (ea ee a J ae 
38) qc) ( aa bay. 





ae u(bJ + I'a,MQ/P) +1 
d- hJ — 'a,MQ/P 

dY (t) z C3 (a13 + bi)u 

dG{t) 1 — (az + bz) 

uail’ AM/P 

En ea che acini a a a | 
ala TOJ- raMQ/P * ) 
dr(t) = C31 (23 + ba) u 
dG(t) 1 — (a33 + 533) 





(33b) + Ci 


(33c) + ĉn 


The effects on the current rate of inflation 
and level of output are identical to (30a) 
and (30b), respectively, except for a con- 
stant of proportionality ¢3;/¢3. = Cu/ci2. 
Therefore all the comments made above on 
the effects of monetary policy on p(t), Y(t) 
apply directly to the effects of increases in 
government expenditure. The effects on the 
nominal interest rate do not carry over di- 
rectly, however. Provided u > 0, both the 
direct effect of an increase in G(f) and the 
induced inflationary effect operate in the 
same direction, making dr(t)/dG(t) > 0 un- 


ĉlThe proposition as stated by Sargent is ‘...the 
real rate of interest is independent of the systematic 
part of the money supply; ...” (1973, p. 443). 
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ambiguously. For © > 0, and u > 0, the in- 
duced expectationa. effect on the real rate of 
interest is offsetting, making the net effect 
ambiguous, This indeterminacy disappears 
when b = 1,'1n whEh case the real rate of 
interest will rise. The economic reasoning 
for this result can be seen most clearly when 
u = l as well. Uncer these circumstances 
an increase in government expenditure will 
have no effect on income or on consump- 
tion. Therefore, the only way that the in- 
crease in government expenditure can be 
realized is by “crowding out” an equal 
quantity of private nvestment; that is, for 
the real interest rate to rise. Again this last 
result is consistent vith the corresponding 
conclusion obtained Dreviously by Sargent. 


C. Money-Fraanced Increase 
in Governmezt Expenditure 


These effects are cssentially a combina- 
tion of the policies considered under the 
preceding sections + and B. The actual 
change in the money supply is 


(34) dM(t) = [dG(t: — udY()|P() 


with a corresponding equation-linking ex- 
pectations. Inserting tiese relationships into 
(30) and (25) enables Ls to solve for the cor- 
responding impacts of dG(f) on the endog- 
enous variables. Because of the fact that 
now dM (t) (rather than just dB (t)) depends 
upon the induced tax receipts in (34), the 
calculations are somewhat more complex 
than before, although the results are pre- 
cisely as one would expect. The effects on 
the rate of inflation end level of income 
continue to apply as b-fore. The effects on 
both the nominal and eal interest rates are 
indeterminate unless 6 = 1, and the policy 
is perfectly anticipated. The reason is that 
while the effect of the increase in G(r) is to 
raise r(t), the increase in M(t) has an am- 
biguous impact. With ò = 1 and Muthian 
rational expectations, doth the monetary 
and fiscal effects operat? in the same direc- 
tion (or at least are not offsetting) implying 
that ‘a money-financed increase in govern- 
ment expenditure will raise both the nom- 
inal and real interest ratz. 
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IV. Summary 


This paper has considered a short-run 
macroeconomic model in which the expec- 
tations of endogenous variables are de- 
termined by the structure of the model, 
conditional on the given exogenous predic- 
tions of the exogenous variables. It is shown 
how any change in government policy gives 
rise to two effects. First there is the conven- 
tional direct effect, which ignores any im- 
pact the policy may have on these endog- 
enous expectations. Second, to the extent 
that the policy change is anticipated, it gives 
rise to an induced expectations effect, which 
operates through its impact on endogenous 
expectations. This analysis is applied to a 
simple macroeconomic model in which the 
only endogenous expectations variable is 
the expected rate of inflation. The main re- 
sults are as follows. 

We show that provided the process gen- 
erating the structural expectations is stable, 
and as long as the direction of the policy 
change is correctly predicted, the induced 
expectations effect of either an increase in 
the money supply or an increase in govern- 
ment expenditure (the latter with either a 
bond-financed or money-financed govern- 
ment deficit) will reinforce the direct posi- 
tive effect on the current rate of inflation. In 
this case if the government wishes to use say 
a restrictive monetary policy to reduce the 
rate of inflation, it can increase the effective- 
ness of the policy by announcing it in ad- 
vance. This will enable it to get incorpo- 
rated into the public’s expectations, thereby 
increasing the induced expectations effect. 

If b< 1 and Q <Q, conditions which 
empirical evidence suggests are likely to be 
met at least in periods of low inflation, the 
same proposition applied with respect to 
the effectiveness of monetary and fiscal 
policy on the level of income; both the 
direct and induced expectations effects op- 
erate in the same direction. On the other 
hand, ifb = 1 so that the natural rate hypo- 
thesis holds, Q > 0 is necessary (and suffi- 
cient) for stability, and the induced-expecta- 
tional effect is offsetting. In this case, in 
order to increase the effectiveness of its 
policies, the government should misinform 
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the public as to its plans. Indeed if the gev- 
ernment policy is predicted perfectly, it will 
be ineffective in controlling income, even in 
the short run. The only way it can be suc- 
cessfully used to change income is if the 
public underpredict the policy change; if 
they overpredict, its effects will be perverse. 
The impacts of the direct and induced ex- 
pectational effects on the interest rate are 
slightly more complicated. With Q < 0, and 
the direction of the policy change correctly 
anticipated, (i.e., 6 > 0), the two effects of 
an expansionary monetary policy on the 
nominal interest rate are offsetting, while _ 
their net effect on the real rate of interest 
is unambiguously negative. With b = 1 and 
with perfect predictions, the real rate of 
interest is independent of the nominal 
money supply, implying that an expansion- 
ary monetary policy will raise the nominal 
interest rate. On the other hand, for u > 0, 
the two effects of an increase in government 
expenditure with a bond-financed deficit 
will tend to raise the nominal interest un- 
ambiguously. For Q < 0, its effects on the 
real rate are ambiguous, although for 
b = 1, the real rate will rise as well. With a 
money-financed deficit, and Q < 0, the net 
effect of an increase in government expendi- 
ture on both the nominal and real rate of 
interest will be indeterminate; however, for 
b = | and perfect anticipation, both the 
nominal and real interest rates will rise. 
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Public Services, Private Substitutes, and the 
Demand for Protection Against Crime 


By CHARLES T. 


It is a common notion in the theory of 
public finance that privately provided goods 
may be substituted for publicly provided 
goods, such as locks for more police and 
sprinkler systems for more firemen. Yet 
empirical studies of the demand for public 
goods have in general ignored such substi- 
tutes. For example, Theodore Bergstrom 
and Robert Goodman correctly note that 
the prices of private goods affect individual 
demand for public goods, p. 283, but in 
their empirical analysis they assume that 
these prices and the unit prices of public 
goods are the same in all communities. The 
possibility of public-private substitution has 
received some theoretical attention. John 
Head and Carl Shoup touch on this prob- 
lem in their normative analysis of the 
proper identification of public, private, and 
“ambiguous” goods, based on each good’s 
optimal allocation. And in his text, Shoup, 
p. 68, mentions the simultaneous provision 
of burglar alarms and police within the con- 
text of his discussion of public services, In 
another application to crime prevention, 
Henry Tulkens and Alex Jacquemin present 
a theoretical analysis which allows for the 
simultaneous provision of public and pri- 
vate protection. It is primarily in the area of 
education, however, that the public-private 
choice has received much positive analysis 
(see Mark Pauly, Yoram Barzel, Sam 
Peltzman, and Joseph Stiglitz). The pur- 


*University of Maryland. I am grateful to Henry 
Aaron, Ann Bartel, Theodore Bergstrom, George 
Borts, Charles Brown, Harry Kelejian, A. Thomas 
King, Bruce Vavrichek, Randall Weiss, and members 
of the Maryland Public Economics Seminar for help- 
ful comments and discussions; to Judith Radlinski for 
research assistance; and to the University of Maryland 
Computer Science Center for research support. After 
this paper was completed, I learned of a doctoral dis- 
sertation dealing with similar issues for the case of fire 
protection. The author is Charles Vehorn. The thesis 
was submitted to Ohio State University. 
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pose of this paper is to analyze the role 
of private substitutes for public services 
within the more general context of public 
sector decision making, and then to apply 
this analysis in an empirical analysis of the 
demand for protection against crime. Sec- 
tion I illustrates the importance of the pri- 
vate substitutes available for some local 
public services and describes the various 
forms of private protection. Section II pre- 
sents a general analysis of the choice be- 
tween private and public modes of provi- 
sion. Section III illustrates this analysis with 
an application to the case of private protec- 
tion against crime and presents estimates of 
a CES form of the production of security 
using data for U.S. states in 1970. The im- 
plications of these findings for rising ex- 
penditures by local governments are also 
noted. Section IV summarizes the analysis. 


I. Background 


Private substitutes for a number of public 
services have become increasingly im- 
portant in this country. Examples of such’ 
private substitutes are familiar: private 
schools for public schools; locks, alarms, 
and protective behavior for public police; 
private swimming pools, yards, private 
clubs for public recreational facilities; per- 
sonal copies for public library books. The 
importance of these private substitutes is in 
some cases quite great. As an indication: 
over 10 percent of elementary and second- 
ary pupils in 1970 were enrolled in nonpub- 
lic schools;' state and local governments 
spent $7.5 billion on police and fire protec- 
tion in 1971? while estimates of annual pri- 
vate expenditures for protection ranged 
from $3 billion to $15 billion for recent 


1See U.S. Office of Education, p. 7. 
2See Tax Foundation, p. 136. 
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years;’ local governments in 1971 spent $2.1 
billion on parks and recreation’ while 
Americans spent an estimated $1.5 billion 
on club dues and memberships alone (not 
to mention $25.2 billion more for other 
recreation);° and privaze itemized contribu- 
tions to the United Fund in 1972 totaled 
$0.6 billion,® though that figure was far sur- 
passed by local public welfare expenditures 
of $7.7 billion.’ While private substitutes 
may be of increasing importance in some 
areas, a glance at the history of local and 
national public spending reveals numerous 
functions passing from the private to the 
public domain. During the nineteenth 
century, for example, local governments 
began to take responsibility for education, 
police protection, sewage, and libraries, 
among other functions.® 

This paper applies the analysis of the 
public-private choice of provision to the de- 
mand for protection against crime, a prob- 
lem of growing economic importance. Be- 
tween 1960 and 1970 the rate of reported 
violent crimes increased by 146 percent and 
the corresponding rate for property crime 
rose 160 percent.’ Although the interpreta- 
tion of such reported crime rates is a matter 
of debate, it is widely agreed that there has 
been a significant growth in crime. At the 
same time, households and firms have 
turned to private means of protecting them- 
selves “on an unprecedented scale. The 
means of protection have included devices 
such as alarm systems, safes, automatic tele- 
phone dialers, window bars, and bigger 
locks as well as services such as those pro- 
vided by private proteczive and detective 


3See U.S. News and World Report; Reginald Stuart, 
pp. Fi, F7; and James Kakalik and Sorrel Wildhorn. 

4See Tax Foundation, p. 233. 

>Estimated by multiplying fraction of consumption 
devoted to recreation in the 1560-61 BLS Survey by 
total personal consumption in 1971 ($667.2 billion); 
U.S. Council of Economic Advisors, p. 263. 

6See Allen Lerman, Table 12. 

7See Tax Foundation, p. 233. 

8For a description of the growing role of govern- 
ment in U.S. cities, see Blake McKelvey. For a case 
study of public decision makinz in the adoption of 
public education, see Michael Katz. 

See U.S. Bureau of the Census, Statistical Ab- 
stract, p. 143. 
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agencies. Over the period 1964-73 em- 
ployment in such agencies (SIC 7393) in- 
creased 226 percen: compared to an in- 
crease of 54 percent for public police. Both 
of these rates of growth exceeded the 34 
percent increase in all employment covered 
by the U.S. Bureau of the Census, County 
Business Patterns (CBP). Other forms of 
self-protection have experienced growth as 
well. Because aggregate data are not avail- 
able for all of these forms of private pro- 
tection, the empirica! analysis presented in 
this paper employs cata for private protec- 
tive and detective services only. These data 
are discussed in more detail below. 


II. The Public-Private Choice of Provision 


Rather than assun e that households di- 
rectly value units f publicly provided 
goods per se—a usual characteristic of 
studies of the demanc: for public goods—it 
seems more realistic td view households as 
valuing the ultimate “output” to which 
public goods and services contribute.!! This 
output q is measured in terms of units 
valued by households such as recreational 
opportunities, educational quality, or the 


level of protection aga nst crime in the com- 


munity.’ A typical household values this 


‘output as well as otl.er goods (z): U, = 


U;(z;,q;). The output g; is produced with 
the use of a privatel- provided (market) 
good y; and a publici? provided (nonmar- 


i0The 1964 and 1973 leves of employment are, re- 
spectively: 62,170 and 202,5: 1, industry 7393; 334,400 
and 515,811, state and loc1 police; 45,641,167 and 
61,275,142, total employmen covered in CBP. Figures 
on public police are in full-t me equivalent units, but 
those from the CBP are nci, so the comparison in 
rates of growth would be bised if the proportion of 
part-time employees has been changing in private pro- 
tective agencies. However, th re is no evidence of such 
a trend. Not included in tota: employment covered in 
CBP are workers in governm: nt, agriculture, domestic 
service, and railroad employrient. See U.S. Bureau of 
the Census (197 1a, b). 

11This assumption is in dict contrast to William 
Baumol’s characterization of sroduction in the ‘‘non- 
progressive” (including most of the public) sector in 
which “‘for all practical purposes the labor is itself the 


. end product” (p. 416). 


12For a similar approach, :ee David F. Bradford 
et al. 
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ket) good x; g; = g(x;,y;). Because they 
are used as inputs in the production of the 
ultimate output g;, both x; and y; may use- 
fully be thought of as intermediate goods.” 
If there is no discrimination, the amount of 
the publicly provided good available to all 
households is related to the level of com- 
munity production XY by the conventional 
expression: x = XN~*, where N is the popu- 
lation of the community and @ is a measure 
of the “‘publicness” of the good which has 
the value of zero for a pure public good and 
one for a private good."* 

For the community, the aggregate per- 
ceived amount of the publicly provided 
inputis Nx = XN'~*, Assuming that house- 
hold production relationships can be aggre- 
gated to the community level,'? the produc- 
tion of the output Q for the community 
may be expressed as 


(1) Q = F(XN'-*,Y)  aQ/aX¥ > 0 


3Q/ðY >0 


where XN'- and Y are the total amounts 
of the publicly and privately provided 
goods, respectively.'® Like all production 


3Tulkens and Jacquemin present a theoretical 
analysis in which individuals value two goods, one of 
which is subject to theft. The probability of theft is a 
function of public and private protection as well as the 
publicly provided pure public good of prevention. Al- 
though the level of security does not appear directly 
in their utility function, their analysis is similar to 
the present analysis in that they do note the im- 
portance of the marginal rate of substitution between 
public and private inputs. 

4See Thomas Borcherding and Robert Deacon, 
p. 893, and Bergstrom and Goodman, p. 282. If, as is 
usually the case, benefits from publicly provided goods 
diminish with increasing distance as well as popula- 
tion, density would replace population as the measure 
of N, 

SThis aggregation of individual production rela- 
tionships abstracts from the problem of differing 
tastes. However it would be consistent with a median 
voter model, for example, if household production 
functions were identical and linearly homogeneous, In 
that case, since the ratio x/y must be the same for all 
citizens, so must the level g;; g;=f(XN™% Y/N); 
Ng; = f(XN'~*, Y). 

16The marginal product of police can correctly be 
measured in either of two ways: the marginal product 
of adding a police officer (@Q/¢0X) or the marginal 
product of an additional unit of police protection as 
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functions, equation (1) gives the maximum 
output for a given set of inputs. This im- 
plies that an intermediate good such as pub- 
lic police—whose possible functions vary 
from investigating murders to dispensing 
parking tickets—are used so as to maximize 
the community’s desired output. To the ex- 
tent that resources are not efficiently allo- 
cated in practice, estimates of this model 
from real world data will be biased. 

For simplicity, it is assumed that the 
share of community income spent on Q is a 
constant, independent of the costs of X and 
Y. This would be true, for example, if com- 
munity demand could be described by a 
Cobb-Douglas utility function homoge- 
neous of degree one. The community there- 
fore faces a budget constraint of the form 


(2) B(X, Y) = B® 


where B° is a constant level of expenditure. 
If units of the public and private inputs 
can be purchased at constant unit cost, this 
budget constraint is a straight line, but if 
there are economies of scale in producing X 
or Y the constraint will be non-linear over 
some range. In any case, if the community 
maximizes output Q, the familiar first-order 
condition is that the marginal rate of (tech- 
nical) substitution between private and pub- 
lic inputs be equal to the ratio of their mar- 


ginal costs: 
x 3Q/3X _ dB/aX 
80/aY  oB/aY 


In that @0/dX = (00/@XN'-*)N'~*, this 
formulation points up four important vari- 
ables that contribute to the determination 
of the public-private choice of provision: 
relative costs of the inputs, the degree of 
“publicness”’ of the publicly provided good, 
the size or density of the community, and 
the productivity of each input for individual 





viewed by citizens (30/3 XN 1~a) These are related as 
follows: Q/8X = (80/aXN'~*) (@XN'~%78xX) = 
N'~2(9Q/aXN'~%), 

171n the case of police, 9B/@X is the cost, say, of an 
additional police officer, while @B/G@XN'~¢ = (@B/ 
aX)/N ~“ is the cost of an additional unit of police 
protection as seen by citizens. If a=0, if N = 100, 
and if one officer costs $10,000, @8/aX = $10,000 
while 2B/@XN'~*% = $100. 
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citizens. It is clear that the marginal prod- 
ucts will not in general be independent of 
each other. Shoup suggests this in an exam- 
ple of protection against crime, noting that 
burglar alarms at some point may be more 
effective than further spending on police but 
that alarms alone would be of little use. His 
conclusion is consistent with the present 
analysis: “Layers of the marketing mode 
may thus be sandwiched in between layers 
of the group-consumption mode, on a least- 
cost basis” (p. 68). 

The actual community allocation that re- 
sults may differ from the optimal allocation 
described due to the nature of public goods 
and public decision making. One possible 
source of bias is the tendency for public 
goods to be undersupvlied because of the 
widely speculated nonrevelation of prefer- 
ences. While this tendency leads to an un- 
dersupply of public goods, by the same 
token it also tends to make private substi- 
tutes relatively more important. A second 
source of bias works in the opposite direc- 
tion. If the institutions of revenue raising 
tend to produce “fiscal illusion” by making 
public provision appear to be less costly to 
voters than it actually is, a wedge is driven 
between the true budget line and the per- 
ceived budget line, causing a shift toward 
public provision.'* Thus factors which have 
been discussed as affecting the level of pub- 
lic spending also naturally have implica- 
tions concerning the relative importance of 
public and private provision, and must be 
considered along with the relative costs of 
the two modes of provision.'® 

This simple model of public and private 
provision demonstrates that the public-pri- 


18For a fuller discussion of fiscal illusion, see James 
Buchanan, ch. 10. 

19A third source of bias exists if for some reason 
there is a tendency for the private substitute to be over- 
supplied. An example serves to demonstrate this point. 
One private means of providing protection against 
crime may be staying inside cr taking a taxi rather 
than walking out at night. Because walking out at 
night probably produces external benefits in that such 
action makes streets safer for others, it will tend to be 
undersupplied, Put differently, zhe private alternatives 
of staying inside or taking taxis will tend to be over- 
supplied. 
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vate split depends on the relative costs of 
inputs, the technology for producing the de- 
sired output, the t-ublic good character of 
the public input,' and the institutions of 
public decision ma zing and revenue raising. 
In Section HI, seve -al possible differences in 
technology betwee 1 communities are con- 
sidered, along wit. the effects of relative 
costs and public iastitutions. The relative 
importance of privi te provision will also be 
affected by the lev | of demand if parallel 
shifts in the budge lines alter the relative 
share of private p, ovision, that is, if the 
technology implie: nonhomothetic iso- 
quants. 


Ill. Substitutio: Between Public and 
Private Protection 


In the production df security a large num- 
ber of public and private inputs are in- 
volved. Public inpits include police, the 
courts, and prisons while private inputs 
include locks, alarm systems, guards, pro- 
tective agencies, and individual self-protec- 
tive devices. Becaus: comparable data on 
most of these inputs are not available, em- 
ployment in two citegories is analyzed: 
1) public state and k cal police; and 2) pri- 
vate protective and ( etective agencies. The 
first category include: all police employees, 
not just police office-s. The latter includes 
all employees of firm: engaged in providing 
protective and deteci.ve services to house- 
holds and firms (SIC 7393). The services of 
such firms range from providing security 
guards to installing ¿nd monitoring alarm 
systems. It is difficult to determine exactly 
what proportion of he business of such 
firms is carried out directly with house- 
holds, but firms und oubtedly account for 
more revenue than hc.seholds.” This does 


20K akalik and Wildhorn p. 63, present estimates 
indicating that over 85 percent of sales of private 
security equipment and sızvices in 1968 were ac- 
counted for by firms and thz : only 1.6 percent of sales 
went directly to “consumers * By including equipment 
sales, however, this estimat- probably overstates the 
share of firms compared to tne employment data used 
in the analysis in this sectio . For an analysis of firm 
demand for protection, see Aan Bartel. 


= 


VOL. 67 NO. 5 


not alter the implications of the analysis as 
they apply to economy-wide substitution 
between private and public modes of pro- 
ducing protection. 

Due to the practical as well as theoretical 
importance of substitution between pri- 
vately and publicly provided inputs, a CES 
technology is assumed for the aggregation 
of labor inputs in protection. In the simplest 
case, nonlabor inputs are ignored and the 
production function is assumed identical for 
all communities. This yields a statement of 
how private labor inputs (Y) and the effec- 
tive level of public labor inputs (YN'-*) 
are aggregated to produce the level of pro- 
tection (Q) which is desired by households 
and firms. 


(4) QO = [A(XN'-*)-* + BY] 


The technology as given implies that the 
elasticity of substitution between public and 
private inputs is o = 1/(1 + p). Assuming 
that average factor wages equal the mar- 
ginal costs of hiring those factors (in other 
words that the community budget con- 
straint is linear), the optimal community 
allocation condition (3) may be rewritten as 


ANA -@) y -0-1 W, 
(5) a S 
BY W, 
where W, and W, are the wages of the pub- 
lic input X and the private input Y, respec- 


tively. Taking logs and adding an error term 
u yields the equation 








(6) In Sat 


l + 


wherea = [1/(1 + p)]/n (A/B). Equation (6) 
may be appropriately estimated by ordinary 
least squares if the wage rate of each input 
is exogenously determined. The greater the 


elasticity of substitution o = 1/(1 + p), the. 


more nearly substitutable are public and 
private inputs. If o > 1, an increase in the 
wage of one input will result in a decreased 
share of expenditures for that input. Com- 
munity size matters only if a # 1, that is, 
if the public input is not a strictly private 
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good. The coefficient of Jn N may be posi- 
tive or negative; it is positive if o > 1 and 
a<l. 


A. Distortions in Community Choice 


Two sources of public-private bias are 
noted in Section II, however, which suggest 
that the efficient point described in equa- 
tion (3) may not be reached. That is, the 
publicly provided input may be undersup- 


‘plied because of nonrevelation of prefer- 


ences or it may be oversupplied because 
voters are subject to fiscal illusion in their 
perception of the costs of government pro- 
grams, causing them to vote for higher 
public spending. These effects would tend 
to distort the equilibrium condition for the 
allocation of resources between public and 
private inputs away from the efficient point 
described in (3). Since there is neither a 
theory to explain how the tendency towards 
nonrevelation of preferences for public 
goods might vary across states nor a rea- 
sonable proxy to measure such a tendency, 
its effect is not examined in this empirical 
section. The effect of the bias due to fiscal 
illusion may however be incorporated into 
the allocation decision reached by commu- 
nities by rewriting the equilibrium condition 
as 


aQ/aX W, 
7) i 3Q/3Y W, 


If fiscal illusion in fact creates no bias in 
the public-private choice, ô has a value of 1. 
If however fiscal illusion has the postulated 
effect of causing an oversupply of publicly 
provided goods, ô would have a value 
greater than 1, that is, (@Q/0X)/(@Q/dY) < 
W,/W,. 

Substituting the CES function into the 
modified equilibrium condition (7) yields 





X l W 
ais eee pen L 
(8) n ESPE n g 


sa eD N e 
p I +p 


Although there is no direct measure for the 
degree of fiscal illusion suffered by voters 
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in different states, one factor is in theory 
associated with the degree of fiscal illusion. 
It is the relative simplicity or complexity of 
the state’s tax structure. Simpler tax struc- 
tures are said to allow voters to perceive 
costs of public services more clearly, result- 
ing in lower levels of spending.” If TS is a 
measure of tax structure simplicity, the rela- 
tionship between fiscal illusion and tax sim- 
plicity is assumed to be 


(9) ô = TS’ 0> 0 
That is, fiscal illusion is a decreasing func- 


tion of tax simplicity. By substituting for ĝ, 
equation (8) may be rewritten 





X l W. 
A a dig tm E TAA 
(10) ns OFF T 
_ PU = 4) ny 4 nTS +e 
l+p l +p 


where C is a constant and e is an error term. 
The measure o7 tax simplicity used in the 
estimation below is that developed by 
Wagner: 
6 


TS = 2, (T? 


> 


f=1 


(1) 


where 7; is the proportion of a state’s tax 
revenues which are collected by tax i.” This 
measure has a maximum value of 1, repre- 
senting the simplest of all tax structures: 
total reliance on a single tax to raise all state 
revenue. The greater the reliance on a vari- 
ety of taxes, according to the theory of fiscal 
illusion, the greater will be the complexity 
of the tax structure and the less will be the 
ability of voters zo perceive all the costs of 
government programs. Thus the lower the 
value of TS, the greater will be the extent 
of any bias toward too much government 
spending. 


21 For a theoretical discussion of this point as well as 
an empirical test of -he hypothesis, see Richard Wag- 
ner. 

22The taxes are: l) general sales, use, or gross re- 
ceipts; 2) selective sales and gross receipts; 3) licenses; 
4) income; 5) property; and 6) other taxes. See Tax 
Foundation, p. 178. 
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B. Variations in the Production Function 


A second complication in estimating the 
elasticity of substitution between public and 
private inputs arises if the production func- 
tion for protection varies across commu- 
nities. For example, the relative efficiency 
of public police in providing protection may 
vary with population density for reasons 
quite apart from the possible public good 
nature of police protection. For example, 
public police might be relatively less effec- 
tive in more urbanized areas if apprehen- 
sion is more difficult in dense areas or if 
featherbedding and other inefficient prac- 
tices are more prevalent in big. city forces. 
In terms of the production function for 
protection, these possibilities suggest rea- 
sons why the marginal rate of substitution 
between public and private protective em- 
ployment might be a function of population 
density, an effect comparable to Hicks-non- 
neutral technical change. Either of the 
parameters A or B in (4) could be a function 
of density, thus implying the addition of log 
of density (DEN) to equation (10). Another 
factor which might affect the relative effi- 
ciency of public and private protection is 
the industrial composition of the commu- 
nity. Public and private protection employ- 
ment may vary in their effectiveness in 
protecting firms in different industries. Ac- 
cordingly, three measures of industrial com- 
position were also added to the estimated 
equation: per capita employment in manu- 
facturing (MPC), wholesaling (WPC), and 
finance, insurance, and real estate (FPC).” 
Finally, it is possible that the production of 
security is not homothetic as assumed 
above and that changes in the demand for 
security may affect the public-private input 
split. To test this possibility, a number of 
social and demographic variables used by 
Bergstrom and Goodman in their analysis 
of expenditures for public police are in- 
cluded in the equations below. 


€ 


23Employment by industry is taken from U.S. - 


Bureau of the Census (1971a), Table 1B. 
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C. Estimation 


In order to estimate the elasticity of sub- 
stitution between public and private protec- 
tive employment, equations based on (10) 
were fitted using cross-section data for 
States in 1970. States were used as observa- 
tions, because data on private protection 
are not available by jurisdiction. The ne- 
cessity of using aggregate data could of 
course bias or obscure relationships which 
would be observed if data by jurisdiction 
were available. In addition, the interpreta- 
tion of the population variable (N) is made 
difficult. Accordingly, population was re- 
placed by population per standard area, or 
density, in order to account for differences 
in the “publicness” of police services. In 
order to measure the average density as it 
applies to communities’ opportunities to 
share public services, the measure used for 
each state is the average of county densities 
weighted by county populations. Because of 
the possibility noted above that density may 
-= measure the relative effectiveness of police 
forces in addition to reflecting the techno- 
logical opportunities for sharing, however, 
it is impossible to ‘give an unambiguous 
interpretation for the coefficient of density. 
Public police employment (X) includes state 
and local employees on a full-time basis, 
but employment in private protective and 
detective agencies (Y) is available only on 
the basis of total number of employees.” 
These measures do not account for any 
variations in average quality of labor across 
states.” The wage of public police em- 
ployees (W,) is estimated by the average 
wage—total police payrolls divided by full- 
time equivalent employees. The comparable 


24Public police employment and payrolls are taken 
from U.S. Bureau of the Census (1971b), Tables 8 and 
9. Employment in protective and detective agencies is 
taken from U.S. Bureau of the Census (1973), State 
Reports, Table 183. It should be noted that security 
personnel hired directly by firms are not included in 
these private protective and detective agency data. 


25Such variations might arise, for example, if . 


unionization pushed wages up in one sector and this 
' wage increase allowed higher quality workers to be 
hired in that sector. 
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average wage of the protective industry is 
not used for the private wage, however, be- 
cause the occupational structure of the in- 
dustry probably varies across states. In- 
stead, the wage faced by private protective 
firms in state i (W,,) is estimated by a 
weighted average of occupational wages in 
that state Wy: 
(12) Wy = Ly p W, 

where the weight given to the wage of the 
jth occupation is the estimated national 
proportion of workers in the industry 7393 
who are in that occupation.” 

Equations estimated for the fifty states in 
1970 are presented in Table 1. These re- 
gressions were weighted by the square root 
of state population because of apparent 
heteroskedasticity in the unweighted re- 
gressions. Included as explanatory variables 
are the variables in (10), the three measures 
of industrial composition introduced above, 
and seven variables used in Bergstrom and 
Goodman’s analysis of police expenditures. 
This last group includes determinants of the 
demand for security in general. The hy- 
pothesis that they all have zero coefficients 
can be rejected at the 99 percent level. This 
finding suggests that the assumption of 
strict homotheticity is inappropriate in this 
case, Equation (1.1) in the table is estimated 
by ordinary least squares, and it yields a 
point estimate for the elasticity of substitu- 
tion of 0.58. That the estimate is positive is 
consistent with the notion that communities 
respond in the expected direction to changes 


26Proportions are based on the 1973 Current Popula- 
tion Survey, U.S. Bureau of the Census (1973), State 
Reports, Table 175: Guards and watchmen comprise 
two-thirds of all workers in the industry. Wage data 
are based on median earnings for men working 50-52 
weeks for major occupational categories and the de- 
tailed occupational category of guards and watchmen. 
The weights applied to occupation wages are: pro- 
fessional, technical, and kindred workers, .031; man- 
agers and administrators, except farm, .042; sales 
workers, .010; clerical and kindred workers, .062; 
craftsmen and kindred workers, .083; operatives, ex- 
cept transport, .042; transport equipment operatives, 
010; guards and watchmen, .667; other service 
workers, .052. 
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TABLE 1—ESTIMATED EQUATIONS, UNITED STATES, 1970 
(Dependent Variable: In(X/Y)) 


Equation (1.1) Equation (1.2) 


Ordinary Least Squares Instrumental Variables? 
Intercept 4,90 (6.12) 10.98 (8.07) 
n(W,/W,) [a] .58 (.58) 2.47 (1.42) 
"n DEN — 0418 (.0649) — .0167 (.0759) 
"TS —.138 (.300) —.461 (.404) 
n MPC — 342 (222) —.252 (.260) 
n WPC —.532 {.390) —.471 (.446) 
'n FPC — 242 (.451) —.395 (.525) 
'n SH —.186 {.803) —.336 (.921) 
'n 00 —1.14 (.68) —2.14 (1.02) 
'n EPR -753 (.855) 1.20 (1.02) 
DPOP —.0214 (.0105) — 0104 (.0140) 
'n P65 .333 (.335) -103 (.455) 
'n Y —.129 {.523) —.377 (.619) 
n B —.082 (.057) —.101 (.066) 
x .694 {.224) 1,010 (.056) 
R? .904 876 


Note: Variables are defined as: (X/Y) = ratio of public police employees to private 
protective employees; (W,/W,) = ratio of private protective wages to public police 
wages (see text); DEN = weighted population density (see text); TS = measure of tax 
simplicity (see text); MPC, WPC, FPC = employment in manufacturing, wholesaling, 
and finance, insurance and real estate per capita, respectively; SH = percent in same 
house five years before; 00 = percent housing units owner occupied; EPR = total em- 
ployment-population ratio; DPOP = percentage change in population, 1960-70; 
P65 = percent 65 and over; Y = median family income; B = percent black. Re- 
gressians were weighted by-the square root of state population. Standard errors in 


parentheses. 


Source: U.S. Bureau of the Census (1971a, b; 1973), and Tax Foundation (1973). 
“Instruments for In (W,/W,) include the right-hand side exogenous variables plus 
the Jog values of the unemployment rate, state population, and W,. 


in relative wages for protective employ- 
ment, but the large standard error makes it 
impossible to rzject either the hypothesis 
that it is zero or that it is one.” Population 
density has a negative but insignificant co- 
efficient. Ignoring any systematic relation- 
ship between density and the relative effi- 
ciency in the public production of police 
services (X), the density variable implies a 
parameter of publicness for police of .694.” 


27For comparison, the estimate of e in the com- 
parable equation omitting the Bergstrom and Good- 
man variables is 1.34, with a standard error of 0.56. 

28Where c is the coefficient of in DEN, the approxi- 
mate mean and variance of æ are: 


Ri ee cov(c,a) — ec var(a) 
(a) = 1+ — ae ees 
Jarle) _ 2ecov(c,a) _ c? var(a) 
var (a) (aa Aer a oy 


See D. V. Lindley, p. 135. 
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This compares with estimates near 1.0 for 
police services calculated by Borcherding 
and Deacon, and Bergstrom and Goodman. 
If such a systematic relationship does exist, 
however, the estimate of this parameter will 
be biased. The measure of tax simplicity has 
the expected negative coefficient, but its 
standard error is relatively large. The co- 
efficients of each of the industrial composi- 
tion variables are negative but insignificant; 
these signs appear to indicate that private 
protective firms are more effective than 
public police at protecting firms in these in- 
dustries. Of the variables indicating the de- 
mand for protective services, only the per- 
centage change in population is significant 
by itself; the sign indicates that private pro- 
tection is more effective or more readily” 
responsive in areas of most rapid popula- 
tion growth. 

One necessary assumption in order to use 
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ordinary least squares in estimating equa- 
tion (1.1) is that the wages for public and 
private protective employment are exo- 
genously determined. Although this seems 
to be a reasonable assumption for the mea- 
sure of private wages used—a weighted 
average of average occupational wages—it 
is less acceptable for the case of public 
police. Accordingly, an instrumental vari- 
ables approach was used to estimate the 
same equation, letting the ratio of wages be 
treated as endogenous. The resulting esti- 
mates are shown in equation (1.2). Clearly, 
the point estimate of the elasticity of substi- 
tution is much larger (2.47), indicating that 
the technology of production on the local 
level may allow considerable latitude in re- 
sponding to relative input prices. However, 
the standard error is relatively large, and it 
is possible to say only that this coefficient is 
significantly different from zero at the 90 
percent level. The estimate of æ is larger and 
quite close to 1.0. Other coefficients are 
quite similar to those in equation (1.1). The 
percent owner-occupied housing has a 
negative and significant effect on relative 
demand for public police, which is con- 
sistent with the results of Bergstrom and 
Goodman. 

It is clear that these equations do not 
yield definitive estimates of the elasticity of 
substitution between public and private 
protective employment. Lacking better data, 
it is possible only to note the importance of 
this parameter. If there were any prior ex- 
pectations as to the size of this elasticity, it 
seems at first glance that they would most 
likely point to a low elasticity, given that 
private and public police have traditionally 
had fairly well-defined legal and institu- 
tional responsibilities. Important functions 
such as arrest are reserved for public police. 
On the other hand, possibilities for substitu- 
tion do exist for other functions such as sur- 
veillance, guarding, and some maintenance 
of order.” These opportunities for substitu- 


29 Bartel notes that guards who protect against shop- 
lifting and employee theft are not substitutable while a 
protective service providing outside patrols “acts in a 
very similar capacity to that of public policemen ...” 
(p. 467). In her regressions explaining firm demand for 
protective workers, the number of police per capita 
exerts a generally negative but insignificant effect. 
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tion illustrate why the community’s demand 
for public and private protection may be 
quite sensitive to relative wage rates, and. 
could therefore explain high estimates for 
the elasticity of substitution. 

These possibilities for substitution may 
have great practical significance for the 
future of local government finances. If pub- 
lic sector unions are able to raise real wages 
faster than productivity increases or if the 
productivity of private inputs rises faster 
than private wages, communities will tend 
to substitute privately produced goods for 
public services. If the elasticity of substitu- 
tion between public and private input ex- 
ceeds one, the demand for private substi- 
tutes will increase proportionally more than 
public wage increases, thus decreasing the 
relative share of public spending for a given 
activity. This then could be a consequence 
of the increasing unionization within the 
public sector especially evident among 
police, teachers, and sanitation workers. 

In the case of protection against crime, it 
seems clear that the costs of public inputs 
have increased relative to those of private 
inputs. For example, during the period 
1967-73 the average salary for state and 
local police increased 56 percent. During 
the same period, the average salary for em- 
ployees of private protective agencies in- 
creased 34 percent, the wholesale prices of 
door locks and padlock components had in- 
creases of from 15 to 35 percent, and the 
wholesale price of small arms increased 23 
percent. Depending on how substitutable 
these forms of private protection are with 
public police, price trends such as these tend 
to result in the substitution of private for 
public inputs. It is quite conceivable that 
this substitution could even result in an in- 
crease in aggregate crime rates if private 
means of protection work by simply divert- 
ing crime from protected to unprotected in- 
dividuals instead of reducing aggregate 
crime rates. It should be emphasized, how- 
ever, that the evidence presented in this sec- 


30 Average salaries are payrolls divided by employ- 
ment for the U.S. Public employment is full-time 
equivalent. County Business Patterns and Public Em- 
ployment, various years. Wholesale prices are taken 
from U.S, Bureau of Labor Statistics (1974). 
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tion applies to only one form of private 
protection—employment in private protec- 
tion agencies—and that the degree of sub- 
stitutability may vary for other means. 


IVY. Conclusion 


This paper presents a general analysis of 
private substitutes for public services and 
an application of this analysis to protection 
against crime. A central argument of the 
paper is that the extent of public provision 
of some services depends in part on the rela- 
tive costs of publicly and privately provided 
inputs. These relative costs may be affected 
by institutions of public decision making, 
relative union strength, and relative effi- 
ciency of administration in the public and 
private sectors, £s well as the technology of 
producing inputs in both sectors. One ob- 
vious implication is that the successful at- 
tempt by public employee unions to raise 
public sector wages without concomitant 
increases in productivity could result in 
relative or even absolute decreases in public 
employment, but failing that certainly a 
moderation in the rate of growth in local 
public spending. For the case of protection 
against crime, sich opportunities for sub- 
stitution may well provide one explanation 
for the recent growth of private means of 
protection in the United States. Whether 
this degree of substitutability extends to 
other forms of private protection besides 
protective employment or indeed to other 
classes of local szrvices, however, remains a 
question for empirical investigation. 
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Reswitching, Wicksell Effects, 
and the Neoclassical Production Function 


By DAVID LaIBMAN AND EDWARD J. NELL* 


The Cambridge debate over capital 
theory has raised doubts about the validity 
of the neoclassical theory of distribution 
(see G. C. Harcourt). As this theory is 
widely assumed in empirical work, and 
often drawn upon in the analysis of policy, 
a demonstration that it is seriously flawed 
would require extensive rethinking of many 
areas of mainstream economics. Accord- 
ingly, two principal lines of defense have 
been advanced. The first, an oblique de- 
fense, accepts tke critique, but asserts that 
only a simplifying ‘parable’ has been 
damaged. The main corpus of neoclassicism, 
general equilibrium theory, remains un- 
scathed. The second is a counterattack, and 
contends that < well-ordered neoclassical 
production function can be constructed 
after all (see Gallaway and Shukla, 1974, 
and refutations sy Garegnani and by Sato, 
1976). 

In this paper we explore further dimen- 
sions of the problem by returning to the 
classical work af John Bates Clark to in- 
quire into the issues of reswitching of tech- 
niques and negative price Wicksell effects 
(rises in the value of capital per man as the 
profit rate rises within a given technique) in 


*Assistant professor of economics, Brooklyn Col- 
lege, end professor of economics, Graduate Faculty, 
New School for Sccial Research, respectively. This 
paper, in every way a joint product, originated in dis- 
cussions in Nell’s Theory Seminar at the New School 
and we would like tp thank members of the seminar 
for constructive criticism of an earlier draft, which was 
written as a criticism. of Lowell Gallaway and Vishwa 
Shukla (1974) and submitted to this Review at the same 
time (January 1975) as the comments by P. Garegnani 
and Kazuo Sato (1976). In revising it we have tried 
to move beyond our critical objective to interpret the 
production function controversy more generally. Com- 
ments by Luigi L. Pasinetti, lan Steedman, and G. C. 
Harcourt are gratefully acknowledged, as are the sug- 
gestions of a referee df this journal. 
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a variety of settings. In the first section, fol- 
lowing Clark, we set forth the problem of 
establishing the relation between the fund 


of capital as held in portfolios, and the - 


heterogeneous capital goods used in pro- 
duction. The second section presents a two- 
sector indecomposable model with only cir- 
culating capital and profit formed on the 
wage as well as on capital-good inputs in 
primal (price) and dual (quantity) form. It 
is the model best adapted to the task of 
verifying the Clarkian story weaving be- 
havior concerning capital funds and con- 
straints concerning capital goods into an 
operational demand curve for “capital.” In 


the third section, the reswitching possibili-.- 


ties are examined, and a special case identi- 
fied for which a “nonreswitching theorem” 
does in fact hold. The fourth section ex- 
amines the problem of negative price Wick- 
sell effects and their impact on the attempt 
to construct a “surrogate” production func- 
tion. The concluding section states results; 
the core of the matter, however, is that the 
capital controversies, against the rigorous 
Clarkian background, demonstrate the ill- 
founded character of both the aggregate 
production function and the general equi- 
librium defenses, and open the way for new 
approaches to distribution drawing on the 
post-Keynesian and Marxian heritage. 


I. Capital Funds and Capital Goods 


Reswitching of techniques and perverse 
changes in the value of capital arise in the 
connection between two equally significant 
and practical concepts of capital—the port- 
folio concept, a homogeneous fund of 


value, shifted about in pursuit of the highest _ 


rate of return, and the productive concept, 
heterogeneous goods and equipment de- 
signed for specific uses. This is how the 
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problem of capital theory was first posed by 
Clark.’ 

The fund of capital moves in response to 
profit, and its effect is to produce a uniform 
rate of profit: “Given a certain permanent 
fund of capital...it is put into such forms 
that the rent secured by one concrete form 
or capital-good, is as large a fraction of its 
value as is that secured by another” (Clark, 
p. 125). But Clark did not think that capital 
goods themselves would be shifted around. 
Capital proper is mobile, capital goods are 
fixed. He wrote: “Capital is...the subject 
of competition; but capital-goods are not. 
The capital that is competed for does not 
consist in instruments—concrete, visible, 
moveable and ready for any one of a dozen 
different uses; there is no stock of capital- 
goods that has such adaptability...” (pp. 
256-57). 

In short, for Clark the problem of capital 
theory is that new capital is supplied and 
existing capital held in response to the rate 
„of return on funds, while entrepreneurs, 
also necessarily motivated by the rate of re- 
turn on the value of their investments, al- 
ways demand capital for the purpose of 
embodying it in particular capital goods. 
What is required is a systematic connection 
between capital funds and capital goods, 
consistent with the relationship of each to 
the rate of profit. Clark’s answer was that 
the more capital intensive a project, in 
terms of funds, the less an additional incre- 


Clark states: “It is inevitable that both capital and 
capital goods should be subjects of economic study. 
There are problems concerning each of them that have 
to be solved; and this fact appears in an unfortunate 
way, in all those treatises on political economy in 
which the single term, capital, is used to designate pro- 
ductive wealth. Invariably does the application of this 
term shift from capital, as we define it, to capital- 
goods, and vice versa. This two-fold meaning of one 
important word has made endless trouble and confu- 
sion.... 

The early economists all defined capital as consist- 
ing in instruments of production, such as tools, build- 
ings, raw materials, etc.... Yet, having defined capital 
in this way, they were forced—as anyone must be—to 
revert to the common conception of it as a fund 
` describable in terms of money, when they entered on 
the consideration of interest...” (p. 122). 

See Hicks (1963), “Commentary,” pp. 342-44 for a 
similar distinction. 


LAIBMAN AND NELL: PRODUCTION FUNCTION 879 


ment of funds could contribute to increas- 
ing the returns obtainable from it, by im- 
proving or altering the capital goods. Better 
technical ideas will be used first; it becomes 
progressively more difficult, hence more 
costly, to make technical improvements. 
Thus additional infusions of funds to im- 
prove capital goods will yield progressively 
smaller increments of profit. But the rate of 
return on the whole capital will be set, be- 
cause of competition, by that on the final 
increment. Hence, with a given labor force, 
increasing capital funds can be embodied in 
alternative sets of quite different capital 
goods, which can be clearly ranked accord- 
ing to the associated rate of profit; the more 
expensive, more capital intensive the capital 
goods, the lower the rate of profit. 

Clark thus does not put forth a simplistic 
“aggregate capital” theory of marginal pro- 
ductivity, or “parable.” The fund of capital 
is a reality, significant in determining busi- 
ness behavior. On the other hand, the de- 
mand for capital can only be understood in 
terms of concrete heterogeneous capital 
goods. Economists who confine their 
analysis to heterogeneous capital goods are 
unable to deal with the supply side or with 
financial matters, while those who deal only 
in aggregate capital are incapable of 
analyzing the specifics of production and 
technical choice, and the corresponding 
rental values of particular capital goods. 
For Clark, neoclassical capital theory must 
encompass both funds and goods, and the 
connection between them must be consis- 
tent with the supply and demand frame- 
work. This is the point of constructing the 
aggregate production function, exactly as 
Paul Samuelson did, and it is this which the 
Cambridge critics contend they have shown 
to be impossible, in general. 


IJ. The Two-Sector Model 


In reconsidering the condition for suc- 
cessful coordination of capital funds and 
capital goods within a supply and demand 
framework, the appropriate model is a 
genuinely circulating capital model, in 
which the rapid turnover of capital goods 
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releases funds that can migrate within a 
time frame consistent with a given set of 
conditions in financial markets. Thus, capi- 
tal funds can “travel” from one set of 
capital goods ta another in response to 
profit incentives, as in Clark’s example of 
New England capital leaving whaling for 
textiles.” If capital goods turn over in the 
same time span as wage capital—the given 
production-payment period—profit must 
be formed on the capital advanced as wages 
as well as that advanced on materials.’ 

The price equations for an indecompos- 
able two-sector model, incorporating the 
above assumption, are 


(1) l| = (l -t r)(do w + mı + Ny p2) 
(2) po = (1 + r)(dayw + m + mp) 


where r is the rate of profit, w the wage 
rate, p, the price Df commodity two, m, and 
m the input coefficients of commodity one 
into commodities one and two, respectively, 
and n, and m the input coefficients of com- 
modity two into commodities one and two, 
respectively. (Commodity one is the numer- 
aire.) The price equations yield a wage- 
profit contour: 


2Clark states: ‘‘As the vessels were worn out, the 
part of their earnings that might have been used to 
build more vessels wes actually used to build mills. The 
nautical form of the capital perished; but the capital 
survived and, as it were, migrated from the one set of 
material bodies to the other” (p. 118). 

3The assumption taat profit is formed on materials 
alone dominates the circulating capital models in the 
literature; see Piero Sraffa, Hicks (1965), Samuelson, 
and Michael Bruno ez al. While this procedure is most 
congenial to other aspects of the neoclassical vision 
(see Section IV), its justification is that circulating capi- 
tal is conceived as a simple surrogate for fixed capital 
stocks. The immob lity of fixed capital, however, 
makes the capital market adjustment story appear 
extremely dubious, as movements of capital can only 
be in response to uncertainly held expectations of fu- 
ture rates of return. 

4Suppose commod:ty two were taken as numeraire; 
then the price equaticns would be 


Py = (1 +r)(ag w + my py +n) 
1 = (1 +7)(@o2 + m2p; + m) 
with the wage-profit contour 
we {1 ~ (et) +n +7) + (min — mani) 
(1 + 7)?} + fag (1 + 7) + (apy img — dom )( + 7)7} 
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(3) we {l-(m4+m)1 +r) 
+ (mm — mm) + 77} 
+ fan(l + r) + (anm — aom) + rý} 


and an expression for the price of com- 
modity two: 


_ Ag + (aM, — aym, (1 + r) 


4 = 
( ) P2 Qo, + (aoM; — Agi Nz) (1 T r) 


We now write down the quantity equa- 
tions, dual to the price equations (1) and 
(2). These show the composition of output 
per head and the disposition of the labor 
force. Letting T, be output per head of 
commodity one, 7, be output per head of 
commodity two, c can be consumption per 
head, where consumption is limited to com- 
modity one (the numeraire), and g is the 
uniform (steady-state) rate of growth, we 
have: 


5 7, = 1 + g)mT; + mT, +c) 
(6) Ty = (1 + g)(m7, + mT) 
(7) 1 = æT + æn 


Eliminating 7, and 7,, we find the con- 
sumption-growth curve: 


(8) c= {l — (m + m)l +g) 
+ (mpm — mn)(1 + gy} 
+ fao(l + g) + (ann — apm) + gy} 


which is parametrically identical to the 
wage-profit contour (3). 

The most common approach to choice of 
technique assumes that the techniques com- 
pared have one process in common; goods 
are defined independently of the uses to 
which they are put, so that a sector’s choice 
of technique is not affected by, nor does it 
affect, the choice of technique by any other 
sector. Further assuming that the numeraire 


>This single departure from full generality makes 
consumption per head, in physical units, dimensionally 
homogeneous with the wage rate. If both commodities 
were consumed, consumption per head would have to -> 
be evaluated using the price ratio, and the consump- 
tion-growth tradeoff would not be independent of, let 
alone dual to, the wage-profit tradeoff. 
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sector (sector one) is the one with the tech- 
nique held in common, use the following 
compact notation for the case of two tech- 
niques: 
(9) § = S$, = ao) 

t = (damn ~ Aoi tr) 

ty = (og) — Aam) 

j= (m +m) 

ji= (m +m) 

k = (nm _ mn) 

kı = (nim = minh 
The subscript i applied to the z, j, and k re- 
fers to the second technique. Equating the 
expression for the wage in the two tech- 
niques (w = w,), we get the switching 
equation: 


(10) (1 +r? + ski- k) + Hi = hj 


ik, — hk 

slh- D+- N g 
i SZD TA p 
SR sar TGS? 


For reswitching of techniques to occur, (10) 


must have two positive roots for which 0 < . 


r < ro, where ro is the maximum rate of 
profit at which either w or w, becomes zero. 
Sato neatly derives the range of values for 
the technical coefficients within which this 
condition is fulfilled.’ 


6When profit is not calculated on the wage, the 
wage-profit curve will be 


w= tl — (m; +n) +7) 4+ Ory — tg JU + r)*} 
+ fao; + (ozn; ~ ao, 7%2)(1 + 7} 


Comparing this with (3), we see that the only difference 
consists in a factor of (1 +r) in the denominator. 
When, solving for switch points, we set w = w,, the 
factor (1 + r) will cancel out. Hence, given the tech- 
nologies, switch points are the same whether or not 
profit is figured on the wage. 

7Gallaway and Shukla (1974) propose a restriction 
on the coefficients sufficient to render commodity 
prices “positive and finite for all positive values of r.” 
This seemingly reasonable restriction is in fact exces- 
sive; all that is necessary for an economically rea- 
sonable model is that prices (and the wage) be positive 
for0 <r < rp (where rg is the maximum rate of profit), 
which is guaranteed by the well-known Perron-Fro- 
benius Theorem—the maximal eigenvalue of a non- 
singular matrix, and it alone, has an all-positive eigen- 
vector associated with it. A rigorous but nontechnical 
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HI. Varieties of Reswitching 


Reswitching of techniques—in which a 
single technique is the most profitable at 
both high and low rates of profit-—is the 
impasse that brings the Clark expedition 
to a halt. We examine it under a variety of 
assumptions, 


A. The Gallaway and Shukla Assumption 


We add to the record our counterex- 
ample to the “general nonreswitching 
theorem” proposed for the case in which all 
ki, l > 0: 


Parameter Technique A Technique B 
agi 1.0 1.0 
my 0.1 0.1 
ny 1.0 1.0 
ag 0.55872 0.56712 
m2 0.135872 0.261712 
ny 0.35872 0.11712 


Using (9), we have s = 5, = 1, = .20, f = 
45, j = 45872, jı = .21712, k = 10, kı = 


presentation will be found in ch. 5 of Sraffa. A simple 
demonstration for nonmathematicians: rewrite the nu- 
merator of (4) as 


(4’) apli -m (1 + 7)] + agg (1 + 7) 


Now consider a comparison system with my, = M, = 0. 
This system will have a maximum rate of profit fo 
greater than rg of the system given by (1) and (2). For 
the comparison system, setting w = 0 in (3), we find 
l += 1/m,. For this value of r, (4') reduces to 
agm /m, >0, demonstrating that the numerator 
must be positive for fy, hence for rọ and for all r such 
that O<r<rp. A symmetrical demonstration, this 
time with m; = m = 0 in the comparison system, ap- 
plies to the denominator of (4), which must therefore 
be positive for all relevant z in any productive tech- 
nology. The “counterexamples” tabulated by Gal- 
laway and Shukla are therefore all perfectly valid 
examples of reswitching, as prices are positive for 
profit rates lower than the maximum rate; see 
Garegnani (1976). The Gallaway and Shukla restric- 
tion applies to (4); it is ag, tz — agm; > 0, agzi — 
ag} "2 > 0. This implies a very special and arbitrary 
ordering of the coefficients. Let A = n/m, B = 
Qo, /492, C = mı /mz. The Gallaway and Shukla re- 
striction implies A > B > C. Call this ordering ABC. 
The possible orderings then are: ABC, CAB, BCA, 
ACB, BAC, CBA. In short, Gallaway and Shukla 
focussed on one out of six possible configurations of 
the coefficients. For our purposes we note here that 
their ordering implies all k;, t; > 0. 
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25. Substituting these values into (10) and 
simplifying yields: 


(1 +r)? — 2.6(1 + r) + 1.68 = 0 
which factors neazly into 
(G + r) — 1.2][(1 + 7) — 1.4] = 0 


Thus there are two positive roots, r; = .2 
and z, = .4. The maximum rate of profit 
for the first technique is rp, = .6129, for the 


second ro, = .61176; hence, both roots fall 


within the required range.* The Gallaway 
and Shukla examples join the ranks of the 
standard reswitching examples which vio- 
late the unjustified assumption k;, t > 0 
(see fn. 7). 


B. Principal Diagonal = 0 


It is possible to find an economically 
meaningful condition strong enough to 
yield the conclusion that the Clark story 
requires—but it is a very special case, in- 
deed. The condition that 


(11) 


gives the required result. For then the 
switching equation becomes 


jz), = 9 


t 2 s(k; a k) 
d0) (L +r + E ars (i + r) 
fees 2. 
s kt —' kt ag 


®The Gallaway and Shukla proof of their nonre- 
switching theorem rekes on comparison of the ratio of 
the numerators of thz wage-profit curves of the two 
techniques (N) with the ratio of the denominators (D). 
Their account of the denominator ratio curve is cor- 
rect; it has a negative first and a positive second 
derivative, falling but flattening out and remaining 
positive throughout tie range Q <r < ro. But in their 
account of the N curve (p. 355, Figure 5, and p, 356, 
Figure 7), they fail to realize that it may cut the D 
curve from above, and then flatten out more rapidly 
(or begin to rise) and cut it again, within the relevant 
range. This is what happens in our reswitching exam- 
ple in the text, as shown by these computations, for 
selected values of r: 


r=0 N = 8281 D = 8275 N>D 
r=0.2 N = 8051 D = 8051 N=D 
r=93 N = .7948 | - D = .79485 N<D 
r=04 £N = .785276 D = ,785276 N=D 
r=0.5 N = ,7773207 D = .776119 N>D 
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By definition, now, k;, t; > 0. For there to 


be two positive real roots the term associ- - 


ated with (1 + 7) must be negative and the 
constant term positive. First, suppose k,t > 


kti. Then k, < kimplies¢ > t;, so the con- 


stant term will be negative. But if k, > k, 
the (1 + r) term will be positive. Next sup- 
pose kit < kt,. If k; < k, the (1 + r) term 
will be positive. But if k, > k, then f£, > f, 
which will make the.constant term negative. 
Hence, there cannot be two positive roots, 
and reswitching is ruled out. 

This tells us at best that neoclassical the- 
ory can only deal with highly specialized 
and unusual cases of changes in technique. 
An adequate theory will have to range 


' further afield, into regions where the mar- 


ginal productivity principle can give no 
guidance. Reswitching is not a peculiar or 


“perverse” phenomenon; on the contrary, 


it is generally possible, and it is the neoclas- 
sical case that is special. 
8% 


C. Intersectoral Switching of Techniques 


Comparison of techniques with one pro- 
cess in common considerably limits the gen- 
erality of the results, for in a multisector 
world, it means comparing economies 
which differ in one process only. 

Consider the problem of choice of tech- 


niques as Joan Robinson originally posed ` 


it: there are a number of identical islands 
in a sunny archipelago, the engineers of 
which all read the same book of blueprints. 
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For historical or extraeconomic reasons dif- — 


ferent wage rates prevail on different is- 


lands. Arrange the islands in order, accord- - 


ing to their wage rates. The question of “re- 
switching” now carries no implication that 
there is any change from one technique to 
another and then back; rather we wish to 


know if an island with a low wage and one - 


with a high wage might find the same tech- 
nique most profitable, while an island with 
a middling wage chose a different one. 

The assumption that the techniques differ 
in only one process carries the implication 
that producing the second good in a differ- 
ent way would nevertheless yield a product 
capable of entering just as it did before into 
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the first process. While this may often be 
the case, it is also commonly true that the 
specifications laid down by industrial con- 
sumers of a product limit or determine 
product design, materials, machine tooling, 
. and the method of production in general. 
The modern neoclassical assumption that 
many different methods exist for producing 
exactly the same product simply ignores the 
inherent connection between the potential 
‘uses of a thing and the way it is made.’ If a 
change in the method of. production 
changes the qualities of the product, this 
may in turn require a change or adaptation 
in the method of production of the second 
good.’ 

The mathematical argument!’ that the 
total number of processes cannot exceed the 
total number of unknowns—the n — 1 
prices, plus the wage and the rate of profits 
—is perfectly correct, but begs the question. 
For this argument assumes that the systems 
are in contact, and that the equations are to 
be solved simultaneously. Then only at 
switch points will prices be identical across 
techniques; hence, the price system will tell 
us which method is cheaper.'? But in com- 


- 9For a critique of this assumption, see Martin Hollis 
and Edward Nell, ch. 9, especially pp. 234-40, 245-48. 
As regards the assumption, see Clark: “This comple- 
mentarity of producers goods must always be con- 
sidered; since a poor machine introduced into an 
equipment of good ones has the effect of taking some- 
thing from the productive power of the other parts of 
the equipment” (p. 248). For Clark, altering methods 
and improving products go hand in hand, and a 
method cannot be altered without its suppliers of in- 
puts appropriately improving their products (pp. 
246-52). 

. 0Perhaps the best-known case of switching where 
both sectors always change methods together is 
Samuelson’s construction of the surrogate produc- 
tion function. Since the two sectors always have the 
same capital-labor ratio, they will both cease to be 
most profitable at the same time. The techniques 
always have different price structures, even at switch 
‘ point, with prices equal to labor values in each case. 

11See Sraffa, pp. 81-82; Bharadwaj, p. 415. 

12 Moreover, this is necessary for the rate of profit to 
equal the real marginal product of capital at a switch 
point. Consider two techniques in aggregative terms: 
yı = rk; + w, yo = rk} + w. Clearly, r = (y3 — y1)/ 
(kə — ki). This can be interpreted as a “marginal 
product” only if the two systems have identical price 
structures at the switch point. Moreover, it is an ac- 
counting marginal product, and cannot be used to de- 
termine the rate of profit. 
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paring island economies or more generally 
in choosing methods of production, we are 
interested not in prices but in profit rates 
and capital values, so the fact that the tech- 
niques are associated with different price 
structures will not affect the decision. 

Reswitching examples in this case are 
readily available; see the one below with 
k;, t; > 0, as in Section IIIA. 


Parameter Technique A Technique B 
ao) 10.000 10,7230 
my 0.200 0.100 
ni 1.000 1.000 
ag 3.000 3.219 
m2 0.220 . 0.275 
nz 0.100 0.100 


Here, technique A is used at low profit 
rates; there are switch points at r = .09 and 
r = .32, approximately, and technique A re- 
turns for r between .32 and ro(B) = .6085. 


D. Profit Maximization 


If the world were coming to an end to- 
morrow, firms would maximize profits in- 
stead of the profit rate. The rate of return 
becomes irrelevant, since growth is moot, 
and in the immediate future everything will 
be bygones. In the Clarkian world, and in- 
deed the real world, however, there is a 
capital market; rental values of capital 
goods are ultimately governed by the rate 
of interest on capital funds. Efficiency 
shadow pricing of given endowments of re- 
sources, as in much contemporary general 
equilibrium theory, could not be acceptable 
to Clark. So long as the ratio of rental earn- 
ings to endowment (replacement) value re- 
mains nonuniform, capital funds will move, 
until the ratio of rents to value of holdings 
is equalized. Marginal product shadow 
prices are not, in general, equilibrium 
prices. 

Suppose an entrepreneur invested in a 
method of production that maximized prof- 
its per head but yielded a lower rate of 
profit. He must borrow capital and pay the 


_ going rate of interest, while facing the same 


BIn their reply to Garegnani and Sato, Gallaway 
and Shukla revert to a profit-maximization assumption 
as a second line of defense. 
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prices and wage rates as all other producers. 
Profit rate maximizers will be able to pay a 
higher rate of interest, thus attracting the 
entire supply of capital to themselves; profit 
maximizers would prove unable to meet 
competitive costs. 

Still, since profit maximization is closely 
related to the general equilibrium defense 
against Cambridge criticism, we consider 
the possibility of reswitching in the circu- 
lating capital model, in which the technique 
is chosen which maximizes profits per head 
(r). For the aggregate economy, we have 
the quasi identity 


(12) wi t+rt+rk =c+ g(w + k) 


This gives net national product seen as 
weges plus profits on the left, consumption 
plus net investment on the right (remember- 
ing that in a mcdel where wages are ad- 
vanced, so must consumption be accumu- 
lated and advanced). Solving for the value 
of the total capital flow,“ 


(13) 


The value of capi:al per head is then given 
by the slope of zhe chord connecting the 
wage-profit poinz and the consumption- 
growth point on the single curve represent- 
ing both the wage-profit and the consump- 
tion-growth contours (equations (3) and 
(8)). The w or c intercept of this chord, then, 
gives the value of net output per head, and 
the r or g intercept, the ratio of the value of 
net output to the value of capital. 

If g goes to zero, the w-intercept of the 
chord comes to coincide with the w-inter- 
cept of the conzour itself. In this zero- 
growth case, the value of net output per 
head is invariant to the rate of profit, and 
the technique with the highest w-intercept 
will always produce the maximum profits 
per head, whatever the level of the wage.» 


wtk=(c-—w)/(r - g) 


14See Spaventa and Nell for the derivation of this 
relationship for models in which profit is formed on 
physical capital only. 

15This is the Gallaway-Shukla case, which thus rests 
on the arbitrary restriction g = 0. Note that to rule out 
reswitching, these authors are ready to rule out any 
switching of techniques—and this in the name of a de- 
ferse of neoclassicism! 
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While the growth rate is irrelevant to the 
reswitching issue as conventionally defined, 
it is important in this case, because the 
value of profits per head unlike the profit 
rate is not invariant to the composition of 
output. To give our argument some rope, 
we assume a high growth rate, implying 
substantial savings out of wages (we are 
concerned with the possibility, not the em- 
pirical likelihood, of reswitching; examples 
using weaker assumptions can undoubtedly 
be found). 

In Figure 1, two techniques are drawn 
with no conventional reswitching, and no 
negative price Wicksell effects (see the next 
section). The growth rate is gg, the maxi- 
mum rate for technique A. Consider three 
levels of the wage: at w,, m4 = A- w > 
Tg = 0; at wo, Tp = f-Wy> t= k - 
wz; finally, at w3, 7, =m — W;> 7, =n — 
w,. Clearly, on the profit-maximization cri- 
terion, technique A is most profitable at the 
high- and low-wage levels, and technique B 
is most profitable at the intermediate level. 


The inescapable curse of reswitching reap- — 


pears. 


IV. Negative Price Wicksel! Effects 
and the Surrogate Production Function 


The neoclassical story, whether in rigor- 
ous-Clarkian or jelly-parable form, requires 
an inverse monotonic relationship between 
the rate of profit and fund- or real-capital, 
respectively. In the absence of reswitching 
and perverse shifts in the value of real capi- 
tal at switchpoints (capital reversing), vali- 
dation of the inverse relation would depend 
on the premise of infinite substitutability, 
unless it were shown that the value of capi- 
tal varies inversely with the profit rate 
within a single technique. In view of the 
attention devoted to this condition and its 
relation to efforts to construct a surrogate 
production function, we will examine, 
within the circulating-capital two-sector 
model, the conditions necessary for absence 
of negative price Wicksell effects (increases 
in the value of capital per unit of labor as 


(y 
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FIGURE i 


the profit rate rises).'° In Figure 1, as noted 
above, the value of capital per man is the 
Slope of the chord connecting the c - g 
point and the w — r point; if this slope is to 
rise with a rise in the profit rate, the contour 
must be concave from below, and the condi- 
tion for negative price Wicksell effects is 
thereby identified: the wage-profit (or con- 
sumption-growth) contour must have a 
negative second derivative. 

Gallaway and Shukla attribute the ab- 
sence of negative price Wicksell effects to 
their assumption k,, t; > 0, which we have 
already shown to be without economic 
justification. We will now show that it is 
also necessary that profit be calculated on 
the wage. The two conditions are jointly 
sufficient, as Gallaway and Shukla demon- 


16Gallaway and Shukla, in attempting to rule out 
this phenomenon by showing that d2w/dr2 >0 for a 
single wage-profit curve (3), mistakenly argue that this 
is a necessary condition for a “factor price contour 
[which is] monotonically decreasing and decreasing at 
a decreasing rate throughout the positive quadrant” 
(p. 357). They seem to have forgotten that Samuelson’s 
surrogate production function is made up of linear 
wage-profit tradeoffs. 
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strate in their original article, but neither 
alone will suffice.” 

Consider the following examples: First, 
suppose that the condition k;, t; > 0 holds, 
in the strongest possible form—m, = M, = 
0—but that profit is not calculated on the 
wage. Let dg, = 1, ag). = .2, n; = .1, m, = .8. 
The wage-profit contour is 


_ 1 — 0801 + 7) 
1 + .02(1 + r) 


and rọ = 2.5355, wọ = .902. Let R = 
(1 + r). Then 


dw/dR = (—.2R)/ 
(1 + .04R? + .0004.R*) < 0 
d’w/dR* = (~.2 + .008 R? + .00024R*)/ 
(1 + .04R? + .0004R*)? 


which is < O for R < 3.5355, 

Now consider a case where profit is cal- 
culated on the wage, but where ¢ < 0, 
k = 0. Let ay, = l, ügy = A m, = A, My = 
7,nm, = .l, m = .7. Then k = 0, j = .8, 
t = —.68,ands = 1. The maximum rate of 
profit is .25. Differentiating (3), we obtain 


dw/dR = (~.544R? + 1.36R — 1) 
+ (R? ~ 136R? + .4624R4) 


which is negative between R = 1 and R = 
1.25; 


2 
h = {.5032R* — 2.627R3 


+ 5.5488R? — 5.44R + 2} + {.2138R? 
— 1.258R6 + 2.774R5 — 2.72R4 + R?} 


which is also negative in the range 1 < R < 
1.25. i 

Oniy when both the capital-intensity con- 
dition k,, ¢; > 0 holds, and profit is figured 
on the wage, will negative price Wicksell 
effects be eliminated. 


7]t is easy to see why figuring profit on the wage 
helps to rule out negative price Wicksell effects, There 
is a massive “composition effect” working against 
them. Since the rate of profit is formed on the wage, 
the wage is part of capital, and a rise in profits involves 
a fall in the capital flow equal to the fall in the wage. 
The rise in the price of physical capital inputs must be 
huge to offset this fall and ensure an overall rise in the 
value of capital. 


886 THE AMERICAN ECONOMIC REVIEW 


This double cordition suggests that the 
attempt to rule cut valuation perversity 
ends up on the horns of a dilemma. First, 
we observe that tke model in which profit 
is not formed on zhe wage is most appro- 
priate as an analog to the real world of real 
capital stocks, fixed in form for long periods 
of time, compared to which the stocks of 
financial capital tied up in payrolls are neg- 
ligible. With the value of capital dominated 
by stocks of physical capital, the possibility 
of “perverse” swings in value relative to 
protit rates is all the greater. 

However, as explained above, we seek to 
give full play to the Clark story in which fi- 
nancial capital “migrates” from one physi- 
cal body to another; we therefore return to 
the model with profit calculated on the 
wage, in which negative price Wicksell ef- 
fects are less likely. But we now observe 
that the “‘well-ordered” neoclassical pro- 
duction function requires more than the 
nonreswitching of techniques. Marginal 
products must equal rates of factor pay- 
ment. More generally, Samuelson’s surro- 
gate production function is constructed on 
the basis of a central and defining property 
of linear homogeneous production func- 
tions—that the elasticity of the wage-profit 
frontier measures relative shares.'* But 
when the rate of profit is calculated on the 
wage these properties cannot hold consis- 
tently with marginal productivity theory. 
Starting with the net income equation, in 
obvious notation: 


(14) Y= wN + rwN + rK 
Rewrite in per capita terms: 


(5) yv=wt+r(we k) 


we 


i8Write a linear homogenous “well-behaved” pro- 
duction function in per capita form: y = y(k). Then 
r = y’(k) and from Easler’s Theorem, w = y(k) — 
ky’(k); dr/dk = y"(k}; dw/dk = y'(k) — y'(k)- 
(dk/dk) — ky" (k). Hence dw/dr = (dw/dk)/(dr/dk) = 
—k, rdw/wdr = —rk/w = —rK/wL. The wage-profit 
frontier is derived from the cost-minimizing problem 
which is dual to the output maximizing usually asso- 
ciated with the production function; see Samuelson, 
n p202, fn 2; 
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Differentiating, and manipulating, 


(16) dy = dw + rdw + wdr + kdr + rdk 


A ai EFE 
T dk + dw 7 dw TETT 
This implies that 
(18) zs, = rif and only if 
ay = (k+ w) 


The marginal net product of total capital 
equals the rate of profit if and only if the 
slope of the wage-profit curve equals the 
value of total capital (ignoring sign). There 
is, of course, no reason to suppose this con- 
dition will be met; but if it is, then the elas- 
ticity of the wage-profit curve measures 
relative shares: 


rdw r{k + w) 
oe war w 


But the reciprocal condition that the mar- 
ginal product of labor equal the wage must | 
also hold.’ Rewriting the net income equa- 
tion and using ġ = Y/K, n = N/K in per 
unit of capital terms: 


(20) @=(l+7wndir 
we find, using the same method as before, 


(21) dọ = (1 + r)ndw + (wn + l)dr 


+ (1 + r)wdn 
a 
(22) = (1 + r)w, ifand only if 
wn + | 


dr = (1 + r)n 


19This is not explicitly recognized by Amit Bhaduri. 
Nevertheless it can be shown that the condition does 
indéed hold in his model which calculates profit on 
physical capital only. 
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which, rearranged, is equal to 


(23) dw _ _k+w 


dr l+r 





Thus the marginal net product of labor will 
equal not the wage, but the wage marked 
up by the gross profit rate, if and only if the 
slope of the wage-profit curve equals the 
value of capital discounted by the gross profit 
rate. In the model with profit calculated on 
the wage, then, the two marginal produc- 
tivity conditions cannot be simultaneously 
met. The model does not generate a surro- 
gate for use in the neoclassical parable. 

And thus the dilemma: With profit 
formed on advanced wages, negative price 
Wicksell effects can be ruled out, but the 
marginal productivity conditions fail; in the 
opposite case, the latter conditions and 
their surrogate properties are preserved— 
here the reswitching and capital-reversing 
problems are not even considered—but only 
by incurring the necessary possibility of 
negative price Wicksell effects. 

A final remark: Calculating profit on the 
wage appears to abandon a crucial neoclas- 
sical position, one stated very forcefully 
by Clark, namely that labor and capital are 
separate, independent, and symmetrical fac- 
tors, cooperating in production and receiv- 
ing rewards commensurate with their con- 
tributions. To figure profit on the wage bill 
amounts to a return to one of the oldest 
conceptions of capital as, in part, a wage 
fund. This conception is alien to the struc- 
ture of capital as it has evolved in modern 
industrial conditions, but it does undermine 
the “factors of production” approach; we 
therefore wonder whether it is consistent 
with the defense of neoclassical theory. 


V. Conclusion 


We have shown that the continuing at- 
tempts to rule out perverse phenomena in 
the neoclassical theory of production and 
distribution have validated the contention 
of the Cambridge critics: that the crucial 
connections between Clark’s capital funds 
and capital goods cannot be made in the 
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way required, except in special and im- 
plausible conditions. 

But the central point is not whether re- 
switching, capital reversing, and counter- 
indicated valuation shifts are empirically 
likely or unlikely.” The critics’ deeper con- 
tention is rather that the supply and de- 
mand framework within which the problem 
of distribution is posed must be reassessed. 
One approach, mentioned earlier, is to 
abandon the fund concept of capital; this 
is the path taken by the general equilibrium 
theorists. This would have been just as un- 
acceptable to Clark as the opposite reduc- 
tion of capital to “aggregate” jelly, now 
largely seen to be inadequate. Equilibrium 
prices which assign rental values to capital 
goods but fail to provide a uniform rate of 
profit?! on capital funds will not do, for they 
simply make impossible any theory of the 
central institution of the capital market. 

It is not our purpose to argue the case 
against general equilibrium theory here. We 
do wish to assert what will seem to many a 
great irony: that the Cambridge critics of 
neoclassical theory are closer to Clark than 
either the general equilibrium enthusiasts or 
the would-be defenders of the parable, such 
as Gallaway and Shukla. The controversy 
has shown that, despite the vigor of Clark’s 
Original vision, it is not possible to consis- 
tently relate capital goods (in the theory of 
production) and capital funds (in the distri- 
bution of income to property ownership) 
within a comprehensive supply and demand 
framework that rules out social relations 
other than market relations grounded only 
in exogenously given technology and prefer- 
ences. If anything is to be learned from 
this, it is to retain Clark’s appreciation of 
the complexities of the capital cancept in 
developing the institutionally richer post- 
Keynesian and Marxist theories of distribu- 
tion. 


20But see Peter Albin, who examines the case of a 
major lumber company switching from horses and 
men to mechanized methods of hauling logs with a rise 
in wages, and then back to horses and men with a 
further rise. 

21Except with linear Engel curves, constant returns, 
and a very special set of initial conditions. 
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Distributional Neutrality 
and Optimal Commodity Taxation 


By Davip E. WILDASIN* 


“We are still a long way from having 
an intuition for resource allocation 
questions in economies with distorting 
taxes which parallels the level of intui- 
tion in first-best economies.” 

Peter Diamond [p. 342] 


The theory of optimal commodity taxa- 
tion has been elaborated and refined in re- 
cent years by a long list of notable contribu- 
tors. There are, however, certain areas that 
need extension and clarification. Much of 
the discussion of optimal tax rules has 
focused on the case of an economy with a 
single consumer or many identical con- 
sumers. The restriction to a single consumer 
is particularly serious, because certain re- 
sults appearing with great regularity in the 
literature are not generally valid in the 
many-consumer case. The more careful 
studies emphasize this point.! Manifestly, 
consumers are not identical, and the ques- 
tion arises whether we have learned, or ever 
could learn, anything really interesting by 
studying optimal taxation under this as- 
sumption. It is clearly important to under- 


*Assistant professor of economics, University of 
Illinois at Chicago Circle. I am grateful to the manag- 
ing editor and a referee for critical comments on an 
earlier and much longer version of this paper; neither 
is responsible for remaining errors. 

t Among those who have explicitly assumed identical 
consumers are Frank Ramsey in his pioneering work, 
Avinash Dixit, Joseph Stiglitz and Partha Dasgupta, 
Anthony Atkinson and Stiglitz (1972), Agnar Sandmo 
(1974), and Atkinson and Nicholas Stern. William 
Baumol and David Bradford are not explicit on the 
point, but their results in fact hold (generally) only in 
the case of identical consumers. Dasgupta and Stiglitz, 
James Mirrlees (1972), and Frank Hahn discuss the 
case of nonidentical consumers, but only in regard to 
the problem of profit taxation and production effi- 
ciency—matters which I will not discuss here. The 
many-person commodity tax problem was treated by 
Marcel Boiteux in his classic 1956 paper. Boiteux, it 
should be noted, did assume that income can be cost- 
lessly redistributed in lump sum fashion. This work 
was introduced to English-language economists by 
Jacques Dréze, who explicitly draws attention to the 
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stand why the many-consumer case is dif- 
ferent. 

In this paper I shall examine in detail 
two tax rules which have appeared in a 
number of writings on optimal taxation. 
One well-known rule states that the ratio of 
the additional revenue obtained by a unit 
increase in the tax on a commodity to the 
quantity of the commodity should be the 
same for all commodities. Another rule, due 
to Ramsey, states that taxes should induce 
(approximately) equal percentage reduc- 
tions in compensated demand for all com- 
modities. Both of these rules are valid in the 
identical-consumer case; neither is generally 
valid in the many-consumer case. A major 
purpose of the discussion below is to study 
the implications of two restrictions that can 
be imposed on the social welfare function, 
each of which might be considered a for- 
malization of the idea of “distributional 
neutrality.” One of these (simple neutrality) 
states that the marginal social utility of con- 
sumption of the numeraire good (i.e., the 


role of redistributive transfers in the Boiteux analysis. 
This point was not lost on Herbert Mohring, who es- 
sentially develops the “Ramsey rule” for many con- 
sumers by bringing redistribution directly into the 
welfare-maximization problem. Martin Feldstein and 
H.A. John Green also derive the Ramsey rule with 
many consumers; they impose a distributional assump- 
tion and an assumption about Engel curves, discussed 
below in fn. 2. Diamond and Mirrlees present opti- 
mal tax formulae for nonidentical consumers in their 
joint paper, and both have taken up the many-con- 
sumer problem again in separate papers (Mirrlees, 
1975, and Diamond). Their approach differs from that 
taken here in that they do not analyze the reasons 
why the many-consumer formulae diverge from those 
encountered in the identical-consumer case. The spirit 
of the Mirrlees paper is in some respects similar to 
that of the present discussion, however. (See fn. 7 be- 
low.) Finally, a number of very recent articles have ex- 
pressed concern with the usual restriction to the single- 
consumer case, and have emphasized that distributional 
issues must somehow be dealt with in the study of 
commodity taxation. See Richard Musgrave, Sandmo 
(1976), and Atkinson and Stiglitz (1976). 
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derivative of the welfare function with re- 
spect to the household’s consumption of 
that good) is the same for all consumers. If 
one imposes this restriction on the welfare 
function, the first of the tax rules mentioned 
above will hold in tae many-consumer case 
(Proposition 1), but the second will not 
(Proposition 2). Th second neutrality as- 
sumption (extended neutrality) that might 
be imposed is that the marginal social utility 
of income (the change in social welfare asso- 
ciated with a one dollar increase in a house- 
hold’s before-tax income) is the same for all 
consumers. Under the assumption of ex- 
tended neutrality, tne first tax rule men- 
tioned above is not optimal in the many- 
consumer case (Preposition 3), while the 
Ramsey rule is (Proposition 4). 

Since these neutrality assumptions are 
assumptions about the specific welfare func- 
tion being used, one cannot legitimately 
assume that both of these restrictions simul- 
taneously hold. However, if one invokes the 
simple neutrality assumption, it turns out 
that a knowledge cf the (potentially em- 
pirically discoverabls) income derivatives of 
the household demand functions would be 
sufficient information to compute a lump 
sum redistribution cf pretax income which, 
if actually performed, would lead to the 
satisfaction of the extended neutrality 
assumption. Should this be done, then ob- 
viously both tax rulzs stated above will be 
optimal (Proposition 5). If this redistribu- 
tion is not actually carried out, however, 
both tax rules cannot simultaneously hold. 
This shows, as already suggested, that the 
single-consumer cas2 differs fundamentally 
from the far more relevant many-consumer 
situation. 

The paper is organized as follows. The 
first section introduces the model and pre- 
sents a genera] many-person tax rule. In 
Section II, I first derive the two tax rules 
for the single-consumer case. Next the prin- 
cipal results on the extension of the two 
rules to the many-person economy are pre- 
sented, along with some comments on the 
methodology of this and other studies of 
the optimal taxatior: problem. Some brief 
concluding remarks are found in Section 
III. 
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I. The Model and the Optimal 
Taxation Problem 


The framework for analysis of optimal 
tax problems is now quite familiar, so the 
model can be presented very briefly. In the 
economy discussed here there are H house- 
holds (h = 1, ..., H), a private production 
sector (distinguished by the superscript f), 
and a public production sector (superscript 
g). The government carries out productive 
activities because it is responsible for public 
good provision. Like other productive 
units, it purchases its inputs; this creates 
the need for taxation. Here we shall neglect 
the problem of optimal public good provi- 
sion, and assume simply that the govern- 
ment has exogenously fixed private good 
inputs, measured negatively in the net out- 
put vector yf = (yf), where —yf is the 
amount used of the ith private good (i = 0, 
1,..., 7). 

The private production sector is assumed 
perfectly competitive and operates subject 
to the overall technology constraint 


(1) 2, ofyf <0 
ix 


where every component of ¢/ = (¢/) is 
constant and strictly positive, and y/ = 
(y{) is the aggregate net output vector 
(with yf < 0 for a factor i). Maximized pro- 
fits will thus be zero in equilibrium. Note 
for future reference that if p = (p;) is the 
price vector facing producers, profit max- 
imization implies that 

f 
2 Pi i ik = 0,1,...,n 
2) Pk ot 


Note that these relative prices will be in- 
variant due to the constancy of ġ”. 

Let x* = (x*) denote the net consump- 
tion vector for household A, where x? = 0 
as iis a commodity demanded or supplied. 
Preferences are represented by strictly 
quasi-concave differentiable utility func- 
tions u"(x"). Let g = (q;) denote the vector 
of consumer prices; we have g=p+t 
where ¢ = (t;) is the vector of commodity 
taxes. Households select consumption 
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vectors which maximize utility subject to 
budget constraints 


(3) gx’ = 0 


The absence of a term on the right-hand 
side of (3) reflects the absence of lump sum 
taxes and subsidies, and of private sector 
profits. Utility maximization yields the 
household’s demand vector as a function of 
prices and fixed income /* (which, as just 
noted, is zero). Let 
(q, P) = u(x"[ 9,1") 

be the indirect utility function for A. It satis- 
fies Roy’s formula, 

h 
(4) $= xh 

Vi 
where vi = dv"/dg,, and vj = av"/al", the 
marginal utility of income. 

The government attempts to maximize 
the social welfare function W(v',..., y”) by 
a proper choice of consumer prices and pro- 
ducer prices. (Optimal taxes are thus de- 
termined implicitly.) In doing this it is con- 
strained to obtain the necessary inputs for 
public good provision yê, subject to the 
condition that markets clear. Let X; = 
E, x? be the market demand for good i, 
with X¥ = (X;). Then market clearing re- 
quires that 


(5) X,=y/ + yf 


The government’s budget must also be 
balanced. Its revenues are tX, while its ex- 
penditures are —py*®. Hence budget balance 
requires that 


(6) tX + py® = 0 


But if all households satisfy their budget 
constraints, if maximized profits are zero, 
and if all markets clear, (6) will auto- 
matically be satisfied. Hence (6) is a re- 
dundant constraint. Note also that if p and 
q are vectors of producer and consumer 
prices that satisfy all of the constraints, so 
are ap and 8q for any positive a and 8, not 
necessarily equal. Therefore it is possible to 
normalize both price systems; let us suppose 
that this is done to achieve go = po = 1. 
This implies, of course, that tg = 0. 


i= 0,1,...,n 


A 
i—i 
raa. 
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Finally, rather than have the government 
actually choose producer prices, it is for- 
mally convenient to have it select a sup- 
ply vector for the private sector directly; the 
producer prices that could be used to sup- 
port this output vector will then be given by 
the relations (2). It then becomes necessary, 
however, to append the private production 
function (1) as a constraint. ` 

The Lagrangian can now be formulated: 


L = W(ly"}) DA p(y + y — X)) 
~ ory! 


The first-order conditions are that 


aL —~ gx, 
7a —— = W,yi — jo = 0 
Uy oa: 2 = 2, Pix, 


(7b) Gf sp, - Soh = 0 
OV’: 
k=O,l,...,7 


where W, = 0W/av’*, of course. 
From (7b) and (2), p;/po = p;; substitu- 
tion from (4) into (7a) thus yields 


W,yv" ox 
h Po qk 


Differentiating the sum of ail the budget 
constraints (3) with respect to g, and sub- 
stituting, we have 


(8) 2, — x 

kh Po 
With producer prices constant (from (2)), 
dt, = dq, so that (8) becomes 


h 
(9) D E R 
tk Oty 


Equation (9) will serve as a starting point 
for further derivations. 


H. Sufficient Conditions for 
Two Optimal Tax Rules 


While (9) is a general many-person tax 
rule, it is not expressible as one of the 
frequently encountered formulae of the sin- 
gle-consumer model, as it stands. Let me 
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now state formally the two common tax 
rules alluded to earlier: 


Optimal Tax Rule 1 (Marginal revenue 
proportionality): For every commodity, the 
ratio of the marginal tax revenues asso- 
ciated with a marginal increase in the tax 
rate on the commodity to the quantity of 
` the commodity purchased is the same; that 
1S, 


OGX)/dt, _ 6(tX)/dt 
X, A 


Optimal Tax Rule 2 (Ramsey rule): For 
all commodities, the percentage reduction 
in demand (along the compensated demand 
curve) due to taxetion is (approximately) 
the same. 


ik = 1,...,A 


A. Results for a Single Consumer 


Before going on to discuss these rules in 
a many-person context, it may be helpful to 
present a brief derivation for the single-con- 
sumer case. If there is only one consumer, 
(9) is simplified by eliminating the social 
welfare function and by identifying indi- 
vidual and market quantities: 


(10) LL E A. 
po aly 





Clearly, division by X, yields the marginal 
revenue proportionality rule. 

Next, using the Slutsky relation for the 
derivative of a demand function with re- 
spect to a tax rate (= derivative with respect 
to a consumer price, producer price con- 
stant), namely, 








OX; aX; OX; 
11 £ Bt ee 
a) dt, Ot. lg ~* al 
equation (10) yields 
VE OX; Ox 
oa = X t; — Xxt 
: s +> Oty la e al 





tiie the symmetry of the substitution 


terms (i.e., (OX;/02,)z = (@X;,/d0t;)z) and 
rearranging, we have 

Yr fi OX; 

Po ope Xk Ot; |a 
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The right-hand side of this expression is the 
(approximate) percentage reduction in 
(compensated) demand for commodity k 
due to taxation. Since the left-hand side is 
independent of k, we see that this percent- 
age reduction is the same for all commodi- 
ties: the Ramsey rule. Thus both tax rules 
are valid and equivalent characterizations 
of the optimal tax structure for a single- 
consumer economy. 


B. The Many-Person Case: 
Simple Neutrality 


From one perspective, the rest of this 
paper is devoted to the task of finding con- 
ditions under which the above tax rules ob- 
tain in a many-consumer economy. These 
conditions will take the form of restrictions 
on the social welfare function W, which 
(roughly speaking) state that the distribu- 
tion of welfare is in some sense equitable. 
As in so many other cases, there is a tre- 
mendous gain in the sharpness of analytical 
results when one assumes away the distribu- 
tional problem and focuses (insofar as 
possible, and not necessarily without am- 
biguity) on the effictency issues in isolation. 
I shall discuss the legitimacy of this ap- 
proach later. 

One interesting assumption that will be 
used below states that the marginal social 
utility of consumption of the numeraire 
good is the same for every household. I 
shall call this the “simple assumption of 
distributional neutrality.” 


ASSUMPTION 1 (simple neutrality). Wu) 
is the same for all h; that is, 


W,uh =u forh=1,...,H 
Note that 
n 
ax? ax! 
vi= 2) ule ot ay a = uy 
ie i=0 of 


It will be more convenient to use Assump- 
tion | in the marginal utility of income form 


(12) Wii = 


This is one possible characterization of 


VOL. 57 NO. 5 


neutrality, but it is not the only one, as we 
shall see below. For the moment, however, 
let us restrict our attention to Assump- 
tion 1, using it to demonstrate two proposi- 
tions: first, that the simple neutrality as- 
sumption is sufficient to establish the 
optimality of the marginal revenue propor- 
tionality rule; second, that simple neutrality 
is not sufficient to establish the Ramsey 
rule. The fact that this second rule does not 
generally hold under simple neutrality 
motivates the search for another definition 
of neutrality. 

Beginning with the general optimal tax 
rule (9), it is a short step to the marginal 
revenue proportionality rule under Assump- 
tion 1, for substituting (12) into (9), minor 
rearrangement yields 


(tx) 1 Ol, _ B 
Xk po 
But this is precisely Optimal Tax Rule 1. 


k=1,...,an 


PROPOSITION 1: Under the simple as- 
sumption of neutrality, the marginal revenue 
proportionality rule is optimal in the many- 
consumer case. 


On the other hand, using the Slutsky 


equation (11) and the neutrality condition 
(12) in (9) produces 


a3) Ex} eel 
> 9 z 





where ô X;/ô tx | zis the sum of the price de- 
rivatives of the compensated demand func- 
tions. 

Rearranging (13), using the symmetry of 
the substitution terms, one has 





xg dtx" 
a X, oP 
The left-hand side of (14) is the percent- 


PA pr i er 
eT 
rr 
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age reduction in demand along the com- 
pensated demand for good k. Observe 
that the right-hand side of (14) will vary 
from commodity to commodity (i.e., will 
vary with k) because the share of commod- 
ity k consumed by A, xi/X;,, will vary with 
k; hence, the weights attached to the terms 
dtx*/al* will vary. Moreover, if income de- 
Tivatives of demand vary from consumer to 
consumer, as one would expect, these latter 
terms will all be different as well. Hence, 
only in the special case where each house- 
hold consumes the same fraction of the 
aggregate amount of each commodity and/ 
or has identical income derivatives of de- 
mand, as would be the case with a single 
consumer or many identical consumers, will 
the Ramsey rule be valid” 


PROPOSITION 2: Under Assumption 1, 
the Ramsey rule is not generally valid in the 
many-consumer case. 


C. An Alternative Neutrality Concept and 
the Methodology of Optimal Tax Analysis 


As mentioned above, Assumption | does 
not imply that the welfare maximizer would 
not, if possible, carry out lump sum redis- 
tribution among households. To see this, 
suppose that although all net government 
expenditures (i.e., expenditures for public 
good provision) must be commodity tax 
financed, so that the balanced budget con- 
straint (6) continues to hold, the govern- 
ment is nevertheless permitted to distribute 


2Feldstein and Green arrive at the Ramsey rule by 
in effect imposing Assumption 1 (since the Feldstein- 
Green ‘‘distributional characteristic” is the same for 
every commodity in this case), and by further impos- 
ing the Gorman-Nataf condition that the Engel curves 
for all individuals are parallel straight lines. To see 
this result, note that the latter condition implies that 
for each i, g;(@x#/ ðI") is the same for all h. But then 
(g; — pa (axt ar") = t(x hJ 97") = o; is the same for 
all A. Substituting in 2;o, for the last term on the right- 
hand side of (14) produces an expression independent 
of k, the Ramsey rule. I am concerned here with the 
general many-person problem, however, and do not 
wish to impose such restrictions on consumer be- 
havior. 
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to each household 2 lump sum amount of 
the numeraire commodity, s4; this will be 
negative for some households (correspond- 
ing to a lump sum tax). It is required that 
the sum of all these be zero, that is, 


(15) >, § = 0 
h 


Thus one can imagine that the government 
is allowed to determine the initial distribu- 
tion of income via costless lump sum trans- 
fers; once this is done, it is restricted to use 
commodity taxation to achieve a net trans- 
fer of resources from. the private to the pub- 
lic sector. In this sitaation, the housechold’s 
budget constraint would become 


(16) gx” = s 


Note that dv"/ds6 = vi, ax? /ask = ax? /al', 
etc. 

In setting up the new welfare-maximiza- 
tion problem, it is necessary to add (15) as a 
constraint. The Lagrangian is therefore 


n 
L = Wiv'}) + Do ailyt + vf - Xi) 
: ~\ i= G 
— Ni bl yt + D2 sé 
h 


The first-order conditions are as before 
(equations (7)) with zhe addition of 


n ax? 
(17) Witt — 2, ria +0 = 0 


h=1,...,f 


It would seem reasonable to interpret (17) 
as an alternative formulation of the idea of 
“equal social marginal utilities of income”; 
or perhaps the phrase- “equal social mar- 
ginal net benefits of .ncome” would be bet- 
ter. Equation (17) savs that one equates the 
social marginal utility or benefit of income 
for all households, where this benefit is the 
marginal welfare of the marginal utility of 
income (or consumption) to the household 
less the marginal welfare cost of the addi- 
tional consumption that the household 
would carry out as the result of an addition 
to income. Alternatively, differentiating (16) 


a Le eaaa eei a 
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withrespect to 5%, one can rewrite (17) as 


Wy - ax? 
—— + i-P)ryetea-1=0 
Po 2, 4 ý as" i 


or 


h h 
(18) Wayi -+ d(tx") 


Po ol* 


Equation (18) suggests the interpretation 
that if possible the government would 
(ceteris paribus) redistribute income in favor 
of those whose additional spending from 
another dollar of income would generate 
the most additional taxes. 

Obviously equation (18) will typically not 
be satisfied if the government is not per- 
mitted to carry out this ideal redistributive 
scheme. Therefore, to assume that (18) is 
satisfied in the absence of such a scheme is 
an assumption about the welfare function 
W. This assumption has a claim to be con- 
sidered as a formalization of the notion of 
distributional neutrality: if met, the welfare 
maximizer would choose not to carry out 
any lump sum redistribution of income, 
even if empowered to do so. On the other 
hand, we note that equation (18) is not 
equivalent to Assumption 1, simple neu- 
trality. Clearly, W,» = pu for all k neither 
implies, nor is implied by, equation (18). 
Thus, even if one assumes simple neutrality, 
the government would still wish to engage 
in lump sum redistribution, if it could. This 
suggests that (12) may not be the best (and 
certainly is not the only) definition of distri- 
butional neutrality. In attempting to isolate 
and suppress the purely distributional as- 
pects of the problem of optimal commodity 
taxation, then, one might wish to invoke the 
following assumption: 


=] 





ASSUMPTION 2 (extended neutrality): 
Even if empowered to do so, the government 
will not carry out lump sum redistribution; 
that is, the welfare function W is such as to 


satisfy equation (18). 


Before going on to indicate the applica- 
tion of Assumption 2, I would like to dis- 
cuss its relationship to Assumption 1, and 
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to raise some troubling methodological 
points. 

First, having motivated Assumption 2 by 
noting that it would be satisfied as a con- 
sequence of lump sum redistributional mea- 
sures, it is useful to reconsider Assump- 
tion 1 from the same perspective. Suppose 
that households possess given consumption 
bundles, and that the government is able to 
redistribute the numeraire good in lump 
sum fashion subject to the condition that no 
household is permitted to trade away from 
its posttransfer consumption bundle. Then 
clearly Assumption 1 will characterize the 
optimal set of transfers. Thus, one can think 
of Assumption | as a neutrality assumption 
corresponding to the situation after all 
trades have taken place and markets are 
closed, whereas Assumption 2 characterizes 
distributional neutrality in an ex ante sense, 
allowing for the effects of redistribution on 
the purchases of households.’ 

Note that in the absence of commodity 
taxes, all f,’s are zero, (18) reduces to (12), 
and the distinction between simple dnd ex- 
tended neutrality disappears. The possibil- 
ity of two different neutrality concepts de- 
pends essentially on the existence of com- 
modity taxes. 

One immediate objection to either of 
these assumptions is that it is strange to 
suppose that the government can redistrib- 
ute income in lump sum fashion but cannot 
raise net revenues in a nondistortionary 
way. It would seem that if the government 
could devise optimal lump sum redistribu- 
tions of income, it should be able to avoid 
distortionary taxation altogether. On the 
other hand, one might turn this argument 
around and observe that if the government 
has the ability to compute optimal com- 
modity taxes—if it can impose a tax system 
satisfying condition (9), for example—then 
it should be able to compute optimal lump 
sum taxes. For to raise a given amount of 
revenue in lump sum fashion, the govern- 


3] should note here that Diamond also distinguishes 
between the marginal social utilities of income and 
consumption, which underlies the distinction between 
simple and extended neutrality; he does not, however, 
introduce any neutrality assumption. 
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ment needs “only” to know the marginal 
social utility of income or consumption (the 
two are the same with lump sum taxes) for 
every consumer, which is clearly less infor- 
mation than is needed for optimal com- 
modity taxes (in the general case). Once 
given a completely specified social welfare 
function which can be used to resolve all 
issues of ethical deservingness, it is possible 
to devise ideal taxes: if it is desired that Paul 
should be made better off at the expense of 
Peter, then tax Peter relatively heavily be- 
cause he is Peter and tax Paul relatively 
lightly because he is Paul. Such taxes are 
unrelated to the economic behavior of the 
individuals and hence lump sum. 

I would conjecture that the discussion of 
optimal commodity taxation has been moti- 
vated by the observation that most widely 
practiced forms of taxation (a) are based on 
the economic behavior of the individual (for 
example, income taxes) and (b) seem to be 
designed, at least in part, to achieve distri- 
butional objectives (for example, many in- 
come tax systems are progressive; income 
supplements of various kinds are usually di- 
rected toward the poor, etc.). The latter 
point suggests that somewhere the ethical 
problems have all been worked out, so that 
a social welfare function exists; lump sum 
taxes would certainly be used to maximize 
this function if feasible; (a) suggests that 
they are not used; hence, lump sum taxes 
are infeasible. 

But why should lump sum taxes be infea- 
sible? Certainly the physical act of taxation 
on a lump sum basis is feasible; on the ad- 
ministrative level, lump sum taxes would 
seem to involve smaller collection costs 
than a complex system of commodity taxa- 
tion.’ And as just noted, the informational 
requirements for optimal lump sum taxa- 
tion are less severe than those for optimal 
commodity taxes. I think it should be clear 
that there is nothing infeasible about opti- 
mal lump sum taxes except the construction 
of the social welfare function needed to 


4Walter Perrin Heller and Karl Shell have discussed 
the costs of commodity taxation and their implications 
for production efficiency. 
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compute them; but then optimal commodity 
taxes may also be irfeasible. 

This discussion obviously raises serious 
questions about the whole approach to the 
study of optimal ccmmodity taxation as an 
exercise in social welfare maximization.’ On 
the other hand, setting up a welfare-maxi- 
mization problem coes permit one to char- 
acterize the set of Pareto (quasi-) optimal 
tax systems,° and it may be possible to find 
particular systems which can be imple- 
mented without specific reference to an 
underlying social welfare function. This of- 
fers hope that the welfare-maximization 
technique can be used to obtain relatively 
practicable tax rules which at least permit 
the attainment of Pareto optimality.’ 

I would hasten to point out however that 
tax rules which do not explicitly involve the 
social welfare funct:on have at best tenuous 
claims to special attention as ethically 
neutral “efficient” tax rules. Each of the two 
neutrality assumptions introduced above 
léads to a different tax formula, as reference 
to Propositions 1 and 4 (below) will verify; 
which formula, if either, describes the effi- 
cient tax system? Each rule leads to a par- 
ticular point on tke Pareto frontier, and 
there is no efficiency basis for choosing be- 
tween them. There is simply no unambigu- 
ous way to segregate the efficiency and dis- 
tributional aspects of the optimal tax 


ŝHahn’s comments, pp. 105-06, are particularly to 
the point here. 

6Since W, > 0 for all 4, any tax system satisfying the 
general condition (9) must be Pareto optimal. (These 
are second best optima, of course.) The selection of a 
particular W function singles out one of the points 
along the Pareto frontie: as best; as we vary the form 
of the welfare function, we trace out what Paul 
Samuelson would call the utility-feasibility frontier. 

7As Hahn has said, “Optimum tax formulas are 
either guides to action or nothing at all” (p. 106). Will 
tax rules that depend on the partial derivatives of a 
social welfare function ever be suitable guides to ac- 
tion? In this regard compare the remarks of Mirrlees 
in discussing his two-class rule: “The particular appeal 
of the result is that it dozs not refer to the relative so- 
cial marginal utilities of che two classes” (1975, p. 30). 
Diamond's rule—‘‘the change in aggregate compen- 
sated quantity demanded is proportional to the covari- 
ance between individual quantities demanded and so- 
cial marginal utilities cf income” (p. 335)—though 
perhaps simpler in form than cther statements of the 
general many-person rule, does not appear to lend 
itself zo ready application. 
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problem; however much one is tempted to 
apply the intuitive insights derived from the 
study of the single-person economy, they 
are of limited value in the more interesting 
Many-person context. 

The foregoing discussion has raised some 
perplexing questions about the proper ap- 
proach to the study of optimal taxation 
problems and about the interpretation of 
certain results. Unfortunately I shall not be 
able to satisfactorily resolve these questions 
here, and in the remainder of this paper, I 
shall proceed uncritically within the stan- 
dard framework. Assumptions | and 2 have 
a number of implications which shed some 
light on the critical differences between 
single-consumer and many-consumer econ- 
omies; these should be of interest in them- 
selves, however one feels about their inter- 
pretation in view of the above remarks. 


D. Extended Neutrality and 
Optimal Taxation 


Some of the implications of the simple 
neutrality assumption have already been ex- 
amined and summarized in Propositions 1 
and 2. Let us now exploit the extended neu- 
trality assumption in a similar fashion. 

Substituting from equation (18) into (9), 
and dividing through by X; vields 


xt a(tx")  a(tx)/at, 
19 1— 8) — he Dg E d A 
(19) ( ) a ¥, ap Y, 


which does not reduce to the marginal reve- 
nue proportionality rule because the weight 
x#/X, that is attached to each term in the 
sum on the left-hand side will depend on k. 
Only if every household purchases the same 
fraction of each commodity or has the same 
income derivatives of demand for all com- 
modities, as would be true with one con- 
sumer or many identical consumers, will 
the extended neutrality assumption be suffi- 
cient to establish Optimal Tax Rule 1.° This 
demonstrates 


PROPOSITION 3: Under Assumption 2, the 


8See (14) above. Note that the Gorman-Nataf con- 
dition of fn. 2 will again do the trick; making the 
appropriate substitution in the left-hand side of (19) 
gives an expression independent of k. 
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marginal revenue proportionality rule is not 
valid in the general many-person case. 


Next,.using the Slutsky equation in the 
right-hand side of (19), we have 


Paga xg ô(tx*) a 
z Xk ðf’ 
l + t OX; as xk O(Ex") 
i20 Ak Oly |g I Xk OT? 





By virtue of the symmetry of the substitu- 
tion terms, 


“ 4 ax 
2 Sis eee) aa 
a 2 ¥, Ot; iq 





Thus we have demonstrated 


PROPOSITION 4: Under Assumption 2, the 
Ramsey rule is optimal in the many-person 
case. 


To digress momentarily, it is interesting 
to note from (20) that the percentage reduc- 
tion in demand along the compensated de- 
mand curve should equal the negative of the 
Lagrange multiplier for the constraint (15). 
In general, a Lagrange multiplier shows the 
marginal effect on the objective function of 
a slight easing of the associated constraint;? 
in the present case, this means that @ is the 
marginal welfare associated with a one dol- 
lar increase (from zero) of the amount of 
net revenues raised via lump sum taxes. It is 
the “distortion” of commodity taxes that 
causes the divergence from the first best 
situation, and so it is not surprising to find 
a relationship between changes in demand 
and the welfare cost of commodity taxes; 
but, intuitively, it is not clear that one 
would expect to find this precise relation- 
ship. In any case, the result would seem to 
be sufficiently striking to merit special men- 
tion.'° 


PROPOSITION 4': Under Assumption 2, 


9See, for example, Michael Intriligator, pp. 36-38, 
60--62. 

l0 Atkinson and Stern recognize that @ is the mar- 
ginal welfare gain associated with an increase in net, 
lump sum revenues (see their Appendix, pp. 126-27). 
However, they do not appear to notice the connection 
with the Ramsey rule. 
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the percentage reduction in demand along the 
compensated demand curves is equal to minus 
the welfare gain associated with a marginal 
increase in the amount of net revenues that 
may be raised via lump sum taxes. 


Finally, suppose that one invokes both 
Assumptions I and 2. Of course, both of 
these cannot hold as assumptions about the 
welfare function, since each would specify a 
different function. Rather, one can think of 
assuming simple neutrality and then (in line 
with our earlier remarks) actually carrying 
out a pretax redistribution of income so as 
to achieve the satisfaction of (18). In this 
situation, the following result can easily be 
established: 


PROPOSITION 5: When both Assumptions 
l and 2 hold, both the marginal revenue pro- 
portionality and Ramsey rules are optimal 
(and equivalent) in the general many-con- 
sumer case. 


III. Conclusion 


The major objective of this paper has 
been to analyze the problem of optimal tax- 
ation in a many-consumer economy, to see 
whether and under what circumstances cer- 
tain familiar results from the single-con- 
sumer case apply in this more interesting 
context. One might expect, perhaps, that 
the set of such circumstances is empty due 
to the inherent complexities introduced by 
nonhomogeneous tastes. Alternatively, one 
might think that the restriction to a single 
consumer has been imposed in an attempt 
to analyze the efficiency aspects of the opti- 
mal tax problem, leaving aside the equity or 
distributional issues. As we have seen, the 
latter view is more nearly the correct one: 
under certain purely distributional assump- 
tions, the standard one-consumer results do 
apply in the many-person case. To be more 
precise, both the marginal revenue propor- 
tionality and Ramsey rules will result in 
Pareto (quasi-) optimal allocations, given 
that commodity taxes must be used for rais- 
ing revenues. However, there is no efficiency 
criterion for choosing between these two 
rules, nor is there any reason to believe that 
either will result in a particularly desirable 


ra 
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allocation (defining “‘desirable” in terms of 
` some ethical criterion). 

Indeed, distributional questions are really 
of the essence of the commodity taxation 
problem. After all. if one were merely con- 
cerned to achieve a Pareto optimum, one 
could dispense wita commodity taxes alto- 
gether: a uniform head tax ensures a distor- 
tionless first best sptimum. Thus the real 
relevance of the frequently cited proposi- 
tions of the efficiency-oriented single-person 
model remains obscure. Moreover, as my 
earlier remarks indicate, the incorporation 
of the distributional aspects of the problem 
in the familiar soc.al welfare function may 
also leave no natural motivation for the in- 
troduction of commodity taxes. Perhaps the 
whole approach to the study of optimal 
commodity taxation as an exercise in social 
welfare maximizat:on of the usual type is 
due for reconsideration. 
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Involuntary Saving through 
Unanticipated Inflation 


By ANGUS DEATON* 


In a situation where the consumer, every 
time he makes a purchase, knows accurately 
his income and the prices of all the goods 
which make up his budget, there is no rea- 
son to suppose that the pattern of his pur- 
chases will be disturbed by a proportional 
change in these variables. In reality, how- 
ever, purchases are made sequentially, some 
frequently and some infrequently, so that 
while the purchaser has exact up-to-date in- 
formation about the prices of the goods ac- 
tually being bought, he does not have ac- 
curate knowledge of the prices of other 
goods. For example, on a shopping trip for 
beef, the price of beef will be observed, as 
will almost certainly the prices of other 
meats; small additional effort will yield the 
prices of other foods, especially in a super- 
market, but it is likely to be prohibitively 
expensive, not to say troublesome, to ob- 
serve the prices of automobiles, cameras, 
take-away Chinese meals, foreign holidays, 
and embroidered waistcoats. Nor can this 
information, on which the consumer has 
only outdated observations, be effectively 
replaced by knowledge of a general price 
index. Official indices of retail prices are 
published with a considerable lag and are 
not relevant to any given consumer whose 
income, family size, and tastes will differ 
from those assumed by the index. On the 
other hand, compilation of a private index 
is likely to require at least one full cycle of 
purchases, again involving a considerable 
passage of time. 

In consequence, at least in the first in- 
stance, individual consumers have no possible 
means of distinguishing relative price changes 
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from absolute price changes. For example, 
in a time of accelerating inflation, assume 
that a consumer expects prices to have risen 
by 1 percent since his last shopping expedi- 
tion whereas the true figure is 2 percent. On 
entering the grocery store he discovers that 
coffee, the relative price of which has not in 
fact changed, is 1 percent more expensive 
than expected; he may then buy less coffee. 
If he is more sophisticated (and has enough 
time), he will inspect prices of other food- 
stuffs, and provided he can satisfactorily 
allow for genuine relative price changes, he 
will discover after some calculation that 
food is more expensive than he had ex- 
pected; he may then buy less food, not 
merely less coffee. Eventually, of course, he 
will discover his mistake, but only after the 
full range of relative prices has been ob- 
served. A similar situation faces other con- 
sumers so that, at any given moment of 
time, different individuals are engaged in 
the purchase of different commodities, and 
each finds that the price of that commodity 
is higher than expected, while none at that 
instant has enough information to calculate 
the absolute price level. Consequently, there 
is a mass illusion that all goods are rela- 
tively more expensive so that, as each con- 
sumer attempts to adjust his purchases, real 
consumption falls, and if real income is 
maintained, the saving ratio rises. Certainly, 
as mistakes are discovered, attempts will be 
made to rectify them, but if inflation con- 
tinues to accelerate and if expectations lag 
behind reality, the saving ratio will remain 
abnormally high. By a similar argument, a 
decelerating rate of inflation will be asso- 
ciated with an abnormally low saving ratio. 
It is the purpose of this paper to present 
theoretical and empirical results which for- 
malize and support this impressionistic 
description. The model which is discussed 
below is a disequilibrium model of behavior; 
it is consistent with any formulation of the 
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equilibrium consumption function and, in 
the theoretical development, no particular 
assumptions will be made about the latter. 
Instead, the focus is on the means by which 
the absence of complete price information 
causes mistakes to be made. The discussion 
begins from a single consumer buying a 
single commodity. In ideal conditions, these 
individual purchaszs will add up to desired 
total consumptior, as predicted by the 
equilibrium consumption function. But 
since no one consumer knows all prices, 
or even a current index of all prices, mis- 
takes are made, so that the aggregation of 
purchases over diffrent consumers can pro- 
ducs systematic deviations of actual from 
equilibrium consumption. A useful analogy 
is provided by the familiar consumption 
function in which =xpenditures are a func- 
tion of expected, or permanent, income. 
Deviations of actual from expected income 
induce unanticipated fluctuations in savings 
and to a lesser extent in expenditures. In the 
model discussed here, it is recognized that 
the sequential nature of purchasing, given 
the way price information is disseminated, 
means that the expected and actual aggre- 
gate price levels can differ not only in the 
future but, more significantly, in the pres- 
ent. The savings function thus contains 
three terms, not two: a term derived from 
the equilibrium consumption function; a 
term in unanticipated or transient income; 
plus a term in unanticipated prices. Such a 
savings function is derived formally in Sec- 
tion I below. 

In Section I of zhe paper, an attempt is 
made to discover whether or not the effects 
predicted do or do not exist. This is done by 
means of an econometric analysis of quar- 
terly American and British data over the 
last twenty years. No attempt is made to 
present a comprehensive study of the aggre- 
gate consumption function for either coun- 
try and, in particular, a highly simplistic 
view is taken of the equilibrium consump- 
tion function. This rules out many other pos- 
sible formulations of the way in which infla- 
tion effects saving, but this is consistent with 
our immediate purpose, to discover to what 
extent the evidence zan be explained in terms 
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_ of the effects proposed in this paper. To 


summarize briefly: the existence of the infla- 
tion effect is unequivocally clear in both 
countries; indeed there is a good deal of 
uniformity in estimated magnitudes be- 
tween the two. The effects appear to be 
large, with recent inflation rates capable of 
shifting the saving rates of both countries 
well outside the ranges observed in previous 
postwar experience. Significantly, for nel- 
ther country does the detection of the in- 
flation effect depend on the inclusion of re- 
cent data; even before the fluctuations in the 
rate of inflation which began in the late 
1960’s, there is clear evidence of a positive 
relationship between unanticipated inflation 
and the savings ratio. This confirms that the 
results do not depend on the secular corre- 
lation between high savings ratios and ris- 
ing prices over the last few years; indeed 
the association between quarter-to-quarter 
changes in the savings ratio and in the rate 
of price change is immediately visible on 
inspection of the two series. 

Section III contains a review of other 
studies relevant to the relationship between 
saving and inflation. It will be argued that, 
since most of the alternative mechanisms 
which have been proposed derive their ef- 
fects through changes in the equilibrium 
consumption function, they are consistent 
in principle with the effects proposed here. 
There is no reason to suppose that any phe- 
nomenon has only one cause. However, I 
shall claim that each of these other mecha- 
nisms, taken by itself, has difficulty in offer- 
ing plausible explanations for the evidence. 
Some concession must be made to the dis- 
equilibrium phenomena proposed here. 


I. A Disequilibrium Model of Demand 


Let us denote money income by y, money 
expenditure on goods and services by c, 
money savings by s, quantities purchased by 
the vector g, and the prices of these quanti- 
ties by the vector p. The consumer is as- 
sumed to make his consumption decision in 
two parts: at the first stage, equation (1), 
total expenditure is determined; at the sec- 
ond, equation (2), commodity demands are 
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given as a function of total expenditure and 
prices. Hence, for some functions A and f;, 


(1) c = h(y,z) 
(2) qi = Sip, ©) 


where z is a vector of relevant variables, for 
example, wealth, anticipated future prices 
and income, interest rates, and so on. Note 
that the possibility that c is a function of the 
anticipated rate of inflation is not pre- 
cluded; indeed it is likely to be so, if only 
through the conventional income and sub- 
stitution effects of changes in the real rate 
of interest. The two-stage process (1) and 
(2) is consistent with the intertemporal 
utility maximization provided the utility 
functional is separable over time; this does 
not, of course, rule out a less formal inter- 
pretation. 

The demand functions (2) have the property 


(3) 2, Pili = 2. PS p,e) = ¢ 


where n is the number of commodities in 
the budget. Equation (3) may appear to be 
little more than an identity, indeed in em- 
pirical demand analysis it is usually treated 
as such. However, the essence of the model 
presented here is that (3) does not hold for 
the aggregate of consumers. Total expendi- 
ture will be the sum of whatever expendi- 
tures by individuals on individual com- 
modities happen to be, mistakes and all, 
and there is no guarantee that the sum of 
the c’s which enter the individual con- 
sumer’s demand function will be the same 
as the actual sum of total expenditures. At 
any given moment, no single consumer 
knows the complete price vector p, nor is 
any one consumer buying all the goods in 
his budget simultaneously. Each purchaser 
is buying a different commodity so that 
each has accurate information on a different 
subset of prices. Consequently, the price 
at which a given commodity is actually 
purchased is not necessarily the same price 
which different consumers take into account 
’ when buying other commodities. The prices 
at which demands become effective are not 
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necessarily those at which consumers expect 
to be able to fulfill their notional de- 
mands. There is thus no reason why (3) 
should hold in aggregate unless all prices 
are correctly anticipated. 

At instant t, assume a given consumer is 
purchasing good 7. Assume that immedi- 
ately prior to purchase, he anticipates an 
income y*, and that on the basis of y*, 
equation (1), and an anticipated price vec- 
tor p*, he plans to spend a total of c*. At 
the time of purchase, an accurate value for 
p; is observed. Assume (a) that the con- 
sumer remains on his demand curve, and 
(b) that, at the instant t, př, for all j not 
equal to i, remains unchanged. (This latter 
assumption is not essential and the effects 
of relaxing it will be discussed below.) 

We may thus write 


(4) q; = Spt, e Pits Pis Divs v. Pia c*) 


or since p; = př + (p: — př), taking a 
Taylor expansion 


O) ay = Siete) + (pi = pt) Et 


provided (p; — př) is small or f; is approxi- 
mately linear. Writing qř for the first term 
on the right-hand side and multiplying by 
Pi, We get on rearrangement 


(6) 


of, 
PiQi = PEGE + (Pi — DF) (or + A pi) 
l 


Aggregation over consumers and com- 
modities, still at the instant t, is performed 
first by summing over all consumers buying 
good i to give the total effective demand 
for that good, and second, by summing over 
all such groups to give total instantaneous 
expenditure. The simplest way to do this is 
to assume all consumers have identical 
tastes and identical incomes, but this is 
grossly oversufficient and can be replaced 
by the natural assumption that the errors 
of price expectation are distributed over 
consumers independently of both quantities 
consumed and elasticities of demand. Equa- 
tion (6) can then be summed over / to give 


”~ 
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aggregate expenditures c, thus 
7) c= 2. Pak 


=c* + D>) gt(l + enn) (pe — DE) 
- 


where ezg is the own-price (uncompensated) 
elasticity of demand for good k, and we 
have accepted the approximation e,, = 
Ofte. Pk, 
OP, qk | 

The original nctation for c has been re- 
tained for- aggregate effective demand over 
consumers although originally designated 
for total notional demand for a single con- 
sumer. This empkasizes that in the model, 
aggregation over commodities is accom- 
plished by aggregating over individuals; c 
and c* will be used in the aggregate sense 
from now on. 

From (7), defining the value shares wf = 


Pi QE /[c*, 


loge = logc + le + 2 wt 
k 
“(1 + er) Pk - pt)/pt| 


thus 


(8) loge œ logc*® + > wt 
k 


“(1 + ey) og pk — log př) 


It is convenient, although not essential, to 
express (8) in terms of a single price in- 
dex P, rather than in terms of the individual 
prices. Write 
(9) 

log P — log P* = È, wẹ (log p, ~ logpt) 


to define P as a D: -visia chain index. Define 
Vp by 
(10) 

log px — log pg = (log P — 
so that the unanticipated proportional 


change in the kth price is ascribed partly to 
specific factors v,, and partly -to general 


log P*) + y; 
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unanticipated inflation. We may then either 
study general inflation effects as such -by 
assuming v, = 0, ex hypothesi, or, from an 
empirical point of view, take- this as the 
dominant effect given that Dwfep,v, is 
likely to be small. Either way, we have 


(11) loge œ log c* 

+ (1 + ġ)iog P — log P*) 
where, for convenience 
(12) $ = Dwi erk 


Finally, using the approximation for thë 
savings ratio, 


Tash ee) 
y y 
= logy — loge 


we may rewrite (11) as 
s* y y* 
5 + {ee Os log Z | 
— d{log P ~ log P*} 
Equation (13) is the main theoretical result 


of the paper. 
In interpreting (13), it is convenient to be- 


os 


gin with the quantity ¢. From (12), pro- ` 


vided that demand curves slope downwards, 
@ must be negative. Its absolute magnitude 
depends on the way in which price informa- 
tion is conveyed and hence on the structure 
of retailing and shopping habits. The more 
commodities are disaggregated, the greater 
the possibilities for substitution, and thus 
the greater the absolute magnitude of the 
own-price elasticities. Consequently, ¢ will 
be absolutely small if goods are purchased 
together, say in a hypermarket, while ¢ will 
be large if commodities are bought' one by 
one, each in a different store. It can also be 
seen that if assumption (b) above is relaxed, 
the value of ¢ will be modified without 
further change to the model. For if con- 
sumers react to an unanticipated change in 
one price by modifying their expectations of 
other prices, the perceived (and mistaken) 
relative price movement in the good being 
purchased will be correspondingly reduced. 


A 
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But, given overall homogeneity of the de- 
mand functions, this is precisely equivalent 
to a reduction in the own-price elasticities, 
and thus in @. The sign will still be negative 
provided consumers do not interpret every 
unanticipated price change as a symptom of 
general inflation or deflation. Given this, 
the determinants of ¢, apart from a scaling 
factor, will be identical to those outlined 
above. 

We can now interpret (13) term by term. 
The first term relates to the equilibrium 
consumption function and gives the savings 
ratio under the assumption that current ex- 
pectations of prices and real incomes are 
correct. Note that the mistakes in previous 
periods will influence this term. For ex- 
ample, if the long-term equilibrium con- 
sumption function is of the type proposed 
by Milton Friedman, that is, 


(14) c= ky? 


then, taking account of previous mistakes, 
we might specify 


(15) logc* = logk + log. 


b + a f expit = Orile? - ca 


where r is the rate of interest and o is the 
reciprocal of the time horizon and measures 
the rate at which wealth is absorbed into 
permanent income. Equation (15) and the 
value of s*/y* that it implies are only 
possibilities; how one might wish.to specify 
the desired savings ratio depends on the 
view one takes of the aggregate consump- 
tion function and of the way in which mis- 
takes are corrected. 

The second term of (13) is also familiar; 
it reflects the fact that all unanticipated in- 
come is saved. This is inevitable given the 
definitions; the consumer cannot react to a 
stimulus he does not perceive. Over any 
finite time period however, unanticipated 
income will affect anticipated income and 
some of the former will be consumed. 

The final term is the one with which we 
are primarily concerned and which de- 
scribes the inflation effect on savings. If, for 
example, real income is correctly antici- 
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pated either by indexation de jure, or by 
wage inflation giving indexation de facto, 
unanticipated inflation will cause the sav- 
ings ratio to rise. If, however, incomes are 
not indexed, so that unanticipated price 
rises cause unanticipated cuts in real in- 
come, the savings ratio will fall if, as seems 
to be the case, @ lies between zero and —1. 
But this fall in the savings ratio is more than 
accounted for by the unanticipated fall in 
real income; taken alone the unanticipated 
rise in the price level works in the opposite 
direction. Consequently, a conventional 
consumption function relating saving and 
consumption to real income, and estimated 
over a period when inflation was more or 
less correctly anticipated, will underesti- 
mate the savings ratio in a period of un- 
anticipated inflation. The last term in (13) is 
thus responsible for increasing the savings 
ratio (when P > P*) over the level pre- 
dicted by the (conventional) first two terms; 
unanticipated inflation causes involuntary 
(and unanticipated) saving. 


H. Empirical Analysis of American 
and British Data 


This section presents a summary of em- 
pirical material relevant to assessing the 
consistency between the hypothesis and the 
data. (A fuller set of results are available 
from the author.) 

The data are quarterly seasonally ad- 
justed observations on income, expenditure, 
and prices from the mid-1950’s for the 
United Kingdom and the United States. 
The British data are taken from Economic 
Trends and run from 1955-III to 1974-II]I, 
while the American data are from Survey of 
Current Business. The available series for 
the United States go back to 1947 but a 
sample period of 1954-IT to 1974-II was se- 
lected in order to avoid the effects of the 
Korean War. For the United Kingdom the . 
published figures for personal disposable 
income were used; the comparable data for 
the United States were computed by de- 
ducting interest paid and personal payments 
to foreigners. For both countries, expendi- 
ture on consumer durables was included in 
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consumption. At this stage in the develop- 
ment of the model, no attempt has been 
made to allow for any special relationship 
between purchases of durables and infla- 
tion. Since we are attempting to observe a 
negative association between inflation and 
consumption, it seemed best, from a meth- 
odological point of view, to include dur- 
ables in consumption since this is the least 
favorable procedure for the confirmation 
‘of the hypothesis. l 

In order to derive an estimating equation, 
we must specify an equilibrium consump- 
tion function and mechanisms for modeling 
expectations. For the former, we take the 
simplest possibility and take the Friedman 
model (14) to specify the long-run equilib- 
rium relation between c* and y*. Allowance 
is made for past mistakes by writing this in 
the form 


cd [s*\ | A-k) ee 
aia) efa -o - (5) 


According to this the savings ratio is con- 
stant at the equilibrium level (1 — k) other- 
wise, its rate of change is proportional to 
the current shortfall. Ideally, it would be 
preferable to use (15) rather than (16); how- 
ever (15) presents severe estimation prob- 
lems, (16) is quite sensible as an alternative, 
and is in any case a close approximation to 
the derivative of (15). Substitution of (16) in 
(13) after differentiation yields 


a7) sC) sanierte 


dt 
S 
=n) = (5) 


where p and r are the instantaneous rates 
of growth of real income and the price level. 
Both k and @ will be treated as constants. 
Note that the constancy of k rules out 
movements in the desired savings ratio due 
to changes in the anticipated rate of infla- 
tion or other variables. This is not neces- 
sarily incorrect since the income and substi- 
tution effects of lower real interest rates 
work in opposite directions. However, the 
main reason for adopting this procedure is 
not out of realism, but to see how far we 


(16) 
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can get using disequilibrium effects alone. 
Alternative explanations will always be 
possible, and some of these will be con- 
sidered in the next section. The parametri- 
zation of ġ is more straightforward. It is a 
dimensionless quantity, and although one 
might expect it to have a secular downward 
trend due to changes in retailing structures, 
there is no reason to suppose that it is not 
independent of P and y. Although not 
strictly relevant in aggregate, one can 
choose preference orderings for a single 
consumer which guarantee the approximate 
constancy of (12); the choice of ¢@ as a 
parameter is thus unlikely to introduce any 
unwelcome implicit assumptions. 

The main problem that remains is the 
specification of the mechanisms linking in- 
flation and real income expectations to their 
actual values. Again, we begin with a very 
simple specification and assume that 


(18) p* = Bo +(1 - B)p°; O< B <1 
(19) w* = r? 


where £, p°, and x? are constants. Equation 
(18) is an adjustment mechanism similar to 
but much simpler than the Koyck formula- 
tion; it postulates that the expected rate of 
growth of real income is a weighted average 
of the actual rate of growth and some base, 
or normal rate of growth p°. Since there has 
been little apparent trend in the actual values 
of p in either country over the sample, it is 
not unreasonable to use a constant value for 
the normal rate of growth. The parameter 6 
should be thought of as dependent on the 
length of the observation period. As time 
goes on and the consumer observes the 
actual changes in prices and income, p* will 
tend to p and £ to unity; if the time period 
is very short, 6 will be much closer to zero. 
Equation (19) makes the simplest possible 
(and clearly unrealistic) assumption about 
a*; however it is only unreasonable for the 
most recent observations and may be a fair 
approximation for most of the sample. 
There is no point in generalizing (19) to the 
form of (18); the extra parameter would not 
solve the problem of an upward trend in 7r 
and in any case would not be separately 
identifiable. 
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I have taken the view that real income 
and inflation are the variables for which ex- 
pectations are formed, not money income 
and inflation. This assumption has been 
made because the greater stability of real 
income changes should render them more 
easily predictable; nevertheless, expecta- 
tions may not be formed in this way, and 
real income expectations may be derived in- 
directly from expectations on money in- 
come and prices. If this is the case, and if 
(18) holds for changes in money income 
while (19) remains true for inflation, equa- 
tion (20) below will be unchanged, although 
the interpretation of the constant and the 
coefficient on the inflation rate will change. 
This will affect the measurement of ¢ only; 
the relationship between saving,. income, 
and inflation would not be altered. 

Substitution of (18) and (19) in equation 
(17) gives 


(20) a5 = {o(1 = k) = (1 = Bp’ 
+ r°} + (1 — B)p - on - (5) 


Note that our assumptions mean that k, p°, 
and 7° are not separately identified. 

Estimation of (20) on discrete data re- 
quires that the model be integrated over 
some finite time span [t,t — h], where h 
may be a quarter, a year, or some other in- 
terval. The details are relegated to an 
Appendix since the calculations closely fol- 
low those published by Peter Phillips. The 
estimating equation corresponding to (20) 
becomes 


(21) G a = (1 -e> {( — k) 
Vit Vit-h 
— o'(1 — B)p® + o 'dr + a(l — B)p, 


— adr, — (l — D) + u 


t—h 


where p, and m, are the actual rates of 
growth of real income and the price level 
over the interval [t,t — h], x, is an error of 
approximation, and æ is a quantity which 
varies with the interval h according to 
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Initially, we take h to be one quarter so that 
a is fixed and (21) may be treated as a linear 
regression equation. Estimated on Ameri- 
can data, this gives 


(23) afs) = 00830 + 0.4534p, 

2/ (1.86) (5.36) 
EA 0.2401(2) 
(4.00) (3.57) \Y/t-14 


R? = 0.3614 
while on British data, the result is 


(24) a$ = 00616 + 0.7320p, 
Yi (1.39 (9.43) 


+ 0.59367, — 0.2186 (5) 
(3.77) (3.62) W/t-4 


R? = 0,5937 


The figures given in parentheses are f-ratios, 
while A denotes the backwards first dif- 
ference operator. 

For both countries the coefficients of all 
three variables are highly significant and 
have the expected signs. Although the co- 
efficients on p, differ between the United 
States and the United Kingdom—perhaps 
reflecting the relative unpredictability of 
changes in real income in the former—the 
estimates of the adjustment and inflation 
parameters are very close to one another. 
Both equations would suggest that when the 
quarterly rate of inflation is running at 
2 percent above the anticipated rate (and 
this is not absurd on recent experience), 
slightly more than I percent of disposable 
income is involuntarily saved. Given the 
historically low variation in the saving 
ratio, this is a sizeable effect. 

Equations (23) and (24) can be refined in 
various ways. Allowing for first- and fourth- 
order serial correlation makes very little dif- 
ference to either equation although there is 
some evidence of first-order autocorrela- 
tion in the residuals for the United King- 
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dom. More importantly, it is possible to re- 
estimate each equation on the first half and 
second half of each sample separately. This 
allows a check on whether the inflation 
effect has been operative throughout the 
postwar period or whether it has only ex- 
isted, or at least bzen observable, in associa- 
tion with the very high rates of inflation of 
recent years. In both countries, the inflation 
variable retains its sign and its significance 
over both halves of both samples; an infla- 
tion effect is clear.y detectable in the period 
from 1955-65. 

Attempts to generalize the simple (and in 
the case of inflaticn, unrealistic) expectation 
mechanisms (18) and (19) met with little 
success. Replacement of p° and 2° by de- 
clining geometric lags of past values of the 
respective growth rates did not improve the 
equations, nor did the use of moving aver- 
ages. In all cases the rate at which expected 
inflation adjusted to actual rates was im- 
plausibly slow. A less direct way of exam- 
ining expectations is to use (22) and re- 
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estimate the basic equation (21), not only 
on one-quarter first differences, but also on 
half-year, three-quarter, and annual dif- 
ferences. As we lengthen the period of ob- 
servation, and since expectations adapt, the 
difference between actual and expected 
changes in real income and inflation can be 
expected to diminish. Consequently, as we 
move from quarters to years, the parameter 
estimates on p and 7 will become smaller. 
The issue is complicated by the fact that be- 
cause of changes in the observation period 
h, the quantity a will change according to 
(22), thus further modifying the parameter 
estimates. However, this can be explicitly 
allowed for since the formula tells us how 
much the coefficients should change if the 
model is true and if expectations of changes 
in real income and inflation are indeed con- 
Stant. 

Table 1 lists the results. In order to pre- 
serve as many observations as possible, 
overlapping differences were used based on 
the original quarterly data; this has the un- 


TABLE -CONTINUOUS TIME EXPERIMENTS 


Period p x (s/y) d.w. vy R? 
U.S. Data 
No Allowance for Serial Correlation 
1/4 £45336 55358 —~.24013 1.8050 3614 
1/2 .34588 46553 ~ 43454 0.8221 4467 
3/4 .26328 43614 — 63585 0.6846 5149 
l 20564 40416 ~ 80935 0.5917 5943 
With Allowance for First-Order Serial Correlation 
1/4 .48076 65983 — 31209 .16543 3446 
1/2 .37364 53666 ~~ 67926 68637 6397 
3/4 29019 44392 — 81362 .69968 £7243 
l .27681 47001 — 1,0009 75089 8018 
U.K. Data 
No Allowance for Seria! Correlation 
1/4 .7320 5936 — 2186 2.2338 5937 
1/2 51425 49894 — 35940 1.4324 5041 
3/4 41435 46285 — 44743 1.2469 5188 
l 29967 49437 —~ 45822 1.2950 5014 
With Allowance for First-Order Serial Correlation 
1/4 .69709 53934 -18110 — 21466 .6005 
1/2 57847 .62016 ~ 47432 .37304 5562 
3/4 59639 68414 ~~ , 70429 64122 6503 
l 42062 42621 ~ 56829 46609 5871 


f 
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desirable consequence of inducing first- and 
higher-order serial autocorrelation in the 
residuals as the period of differencing in- 
creases. The results were recomputed allow- 
ing for first-order autocorrelation, but this 
is insufficiently sophisticated for the three- 
quarter and annual regressions and in any 
case makes no allowances for the autocor- 
relation in the original errors which, as we 
have seen, appear to be present for the U.K. 
model. Indeed, it can be seen from the table 
that the parameter estimates for the United 
Kingdom vary less systematically than 
those for the United States. Nevertheless, if 
due allowance is made for error, Table 1 
does reveal several patterns. With one or 
two exceptions for the U.K. data the esti- 
mates do change in the directions indicated 
above. The coefficient on the lagged de- 
pendent variable increases with h, although 
rather more than it should in the United 
States and rather less in the United King- 
dom; this is presumably due to the differing 
autocorrelation patterns in the original re- 
siduals. Most notable, however, is the fact 
that, for both countries, the proportional 
decline in the coefficient on p is much larger 
than that on r and that the latter can al- 
most entirely be explained by changes in æ 
according to equation (22). As indicated 
above, the parameter 6 can be expected to 
move towards unity as h increases, since 
over longer observation periods, a greater 
proportion of actual real income changes 
will have been observed; this accounts for 
the fact that the coefficient on p declines by 
more than is accounted for by a. However, 
since no such effect is observed for the infla- 
tion term, there appears to be little or no 
detectable adjustment of expected to actual 
inflation. This is then consistent with results 
using distributed lags and moving averages. 

Although it is possible that expected in- 
flation rates are in reality insensitive to the 
actual rate of inflation (and a number of ex- 
planations could be advanced for this), the 
conclusion remains implausible. The most 
likely explanation of our results is that the 
assumption of the constancy of k, the de- 
sired consumption income ratio, may be in- 
valid, especially towards the end of the 
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period. The argument would be that for 
moderate rates of inflation, the desired sav- 
ings ratio is constant, but that it has risen 
over the last few years as inflation has 
climbed to historically high levels. Any one 
of a number of explanations can account 
for this, see Section II] below. The dis- 
equilibrium inflation effects are not denied 
by this argument, but if, for example, we 
look at equation (17), and if the true value 
of k dips sharply towards the end of the 
period, the model can compensate for this 
by preventing r* from rising, hence keeping 
o(1 — k) + éx* close to its true value. A 
fallin k can thus be mistaken for insensitiv- 
ity of inflation expectations. Note that if 
this argument is correct, it casts doubt only 
on the extent to which unanticipated infla- 
tion caused the secular rise in the savings 
ratio, and, in any case, this is a phenom- 


.enon which has any number of plausible 


explanations. It offers no alternative ex- 
planation for the well-attested instantan- 
eous relationship between savings and in- 
flation which occurs for both countries 
throughout the sample period. 


III. Some Alternative Explanations 


There are a number of possible mech- 
anisms linking inflation and the savings 
ratio which differ from that examined 
above. In this section, some of these are dis- 
cussed in the light of our results and their 
plausibility assessed as alternative explana- 
tions. 

The first alternative rests on a possible re- 
interpretation of equations (23) and (24). 
For neither country is the coefficient on the 
rate of growth of real income very different 
from that on the inflation variable. If the 
two parameters were identical, the model 
would relate changes in the savings ratio 
solely to changes in money income. At first 
glance, this may appear to give a simple 
alternative explanation of the results in 
terms of saving acting as a “shock ab- 
sorber,” taking up unanticipated changes in 
money income. But such an explanation 
does not stand up to detailed examination. 
If real consumption responds sluggishly to 
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changes in income, changes in the savings 
ratio will be related to changes in real not 
money income, while an individual who sys- 
tematically relates his savings ratio to 
changes in money income will find that ris- 
ing inflation will seduce his standard of liv- 
ing even if real income is constant. Such 
behavior is not simple to explain and re- 
quires theoretical justification. 

Second, there is a distributional argu- 
ment which points out that changes in the 
rate of inflation are likely to be associated 
with changes in tke share of disposable in- 
come accruing to various groups, for ex- 
ample, in favor of young workers at the ex- 
pense of retired groups. Direct evidence 
relevant to this is hard to come by, but at 
least as far as recent British experience is 
concerned where income appears to have 
been redistributed away from professional 
middle-class earnərs towards unionized 
workers, it is implausible to suppose that 
such changes have produced an increase in 
the saving ratio. To the extent that this re- 
distribution has been towards those with 
low marginal propensities to save, our re- 
sults understate the true inflation effect on 
saving. 

Third, at high rates of inflation, store- 
able commodities are substituted for money 
as the latter becomes more expensive to 
hold. Note that this effect requires that the 
rate of inflation be anticipated and is fully 
consistent with our model; once expecta- 
tions catch up with cr exceed the actual rate 
of price inflation, the illusion effect works 
in reverse with goods appearing to be cheap 
at anv price. It is possible that actual recent 
inflation has caused little hoarding because 
expected rates of inflation have responded 
so slowly to observed rates. Even if this is 
understated, it is likely that the anticipated 
return from purchasing durable or storeable 
commodities has been insufficiently high to 
compensate for their carrying costs and 
iliquidity. 

Fourth, there are the income and sub- 
stitution effects between present and future 
consumption induced by changes in the real 
rate of interest. In the long run, there is 
perhaps a Fisherian process whereby real 
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rates of return are independent of the rate 
of inflation, but this clearly does not op- 
erate in the short run. Even so, there is no 
presumption that a reduction in real interest 
rates will increase the saving ratio. The sub- 


stitution effect works in the opposite direc-. 


tion, that is, in favor of current consump- 
tion, and although the income effect reduces 
the real wealth of net creditors, there are 
many debtors, for example, holders of 
home mortgages, for whom net worth will 
be increased. In some models of the con- 
sumption function, consumers are assumed 
to try to maintain a target ratio of wealth 
or of liquid assets to income and given this, 
increased inflation will induce extra saving. 
But this result is derived entirely by assump- 
tion and it is not clear why consumers 
should behave in this way in the face of 
changing relative prices between present 
and future consumption. At high rates of 
inflation, liquid assets become relatively 
costly and it may well be optimal to hold 
less, not more. The net effect is clearly in 
doubt although this is not to say that a 
dominant negative wealth effect is incapable 
of explaining the observed positive effect of 
inflation on saving. But this is unlikely. 
Wealth effects in consumption functions 
although often significant are rarely of great 
magnitude and once again, their operation 
requires time to allow some degree of antici- 
pation by consumers. They can thus hardly 
explain the large and immediate effects 
which fluctuations in inflation appear to in- 
duce upon saving. 

Fifth, and perhaps most convincing, 
are the uncertainty effects of inflation. 
These have been emphasized in recent em- 
pirical work on inflation effects in a series 
of papers by Thomas Juster and Paul 
Wachtel (1972a, b), and Juster and Lester 
Taylor. Since the results of these papers 
complement my own, it is worth dwelling 
on the arguments advanced. Juster and 
Wachtel argue that high rates of inflation 
have been associated historically with vari- 
able rates of inflation, so that if money in- 
come is not expected to match this varia- 
tion, real income will be subject to greater 
uncertainty in times of high inflation. This 
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idea receives some support from survey evi- 
dence that inflation .depresses consumer 
confidence. The higher uncertainty is then 
reflected in higher savings ratios as con- 
sumers seek to protect themselves against 
instability. For a theoretical treatment of 
these arguments see, for example, the paper 
by Frank Hahn. 

In terms of our model, this would make k 
a function of the variance of real income, 
which, it is argued, is itself a function of 
the rate of inflation. Clearly, this possibility 
can be tested in future work. If we accept 
the validity of the argument, there is no 
difficulty in explaining the fact that current 
saving ratios are very high. The difficulties 
occur elsewhere. In Section II we noted a 
significant inflation effect in both countries 
over the period 1955-65 during which there 
was no major shift in the rate of inflation. 
Throughout the period, saving responded 
to price increases even when the latter were 
consistent with random fluctuations in a 
series of constant mean and variance. The 
mechanism linking inflation and saving thus 
seems capable of operating directly and 
does not necessarily require accompanying 
changes in uncertainty. However, Juster 
and Taylor find a measure of the variance 
of price expectations across consumers to 
be significant in their consumption func- 
tion. This cross-section measure may not be 
a good proxy for uncertainty about price 
changes through time and it seems quite 
likely, as Juster and Taylor note, that this 
term reflects aggregation phenomena. 

Otherwise, the results of the two Juster 
and Wachtel papers are entirely consistent 
with my model. They use the Michigan Sur- 
vey Research Center series for price expec- 
tations so that they can directly separate 
out effects of anticipated and unanticipated 
inflation. They find that unanticipated infla- 
tion has a strong positive effect on saving 
with a negative effect on nondurable pur- 
chases and services; durable goods are rela- 
tively unaffected. Anticipated inflation in- 
creases nondurable purchases and services, 
and reduces saving and durable purchases. 
However, they note that inflation is ‘rarely 
fully anticipated and it appears that the 
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anticipated inflation series bears little or no 
relationship to actual inflation. In conse- 
quence, the apparent effects of anticipated 
inflation are open to possible reinterpreta- 
tion, whereas all their other results are 
exactly as predicted by my model. 

One set of results which at least appear 
to be inconsistent with mine and with those 
of Juster et al. have been published by 
William H. Branson and Alvin K. Kle- 
vorick. They estimate a “‘money illusion 
consumption function” of the form 


Fi 
(25) logc* = By + >, y:logy#; 
i» 


J K 
k=0 


įj=0 


where c¥, yř, and w* are real nondurable 
consumption, real income, and real wealth, 
respectively; P, 1s the price level; and /, J, 
and K give the maximum length of dis- 
tributed lag responses. This equation, apart 
from the inclusion of wealth, can quite 
reasonably be regarded as an approxima- 
tion to equation (13), with the lags on y* 
and P being convolutions of the expecta- 
tional lags and those arising from the cor- 
rection of previous mistakes. The surprising 
result is that Branson and Klevorick find 
nk > O for all k, indicating a negative effect 
of inflation on saving. This contradicts my 
results, and it contradicts the three papers 
of Juster et al. One can only suppose that 
differences in data used are responsible for 
these results. 

Finally we may refer to recent work done 
by the Bank of England. Their results cover 
the United Kingdom alone and relate to 
consumption functions not unlike those 
used by Branson and Klevorick. Again 
using Almon polynomials for lag structures, 
they find evidence consistent with the ex- 
istence of an inflation effect on the savings 
ratio. After changes in real income have 
been allowed for, the immediate response of 
consumption to a rise in prices is negative, 
this becomes positive after one or two quar- 
ters, the sign of the ultimate response not 
being entirely clear. This result, which can 
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be replicated on U.S. data, is entirely con- 
sistent with my hypothesis, and would seem 
to tell against simple wealth effects. All 
these areas require a good deal more careful 
research. 


APPENDIX — 


The Derivaticn of the Discrete 
Time-Estimating Equation 


Write equation (20) in the form 
2 = —0Z,+%, +6 +4 t 


where z = (s/y) x = (1 — 8)p — $r = 
ajat — B)log(y*/P*) — plog P}, b = 
fo(1 —k) -( - B)p° + gw}, a constant, 
and ¢, is a pure noise process to allow for 
errors in the model. A superimposed dot 
denotes differentiaticn with respect to time t. 
Integrating over the interval [t,t — A], 


Z — Za = (I - e-"\(a-'b — 2-4) 
h 
Ox 
< -oh LE de + u 
J e a8 : 
sirce x = —0x/d@andu, = fre-* 5, 4d. 
Integrating by parts 
Z ~ Zr = (l - M — 24-4) 
+ Xi — e” ae oe h 


ak e~x, odh + th 
Phillips uses the approximation 
Xie = X — Oxon — AX + 3xX}/2h 
+ O7{x, = pas + Xı-24}/2h? 


which allows explicit integration. Carrying 
this out and rearranging gives 


(1 — e-™)(o'b — Z,a) 
+ ay(xX, - Xiah) 
+ AXi — Xima) + h 


— 21.4 = 
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where a, is given by a@ in equation (22) of 
the text and ay is 


eye nee epee eee a met SA 
“= T Zoh (hY a i cok 


An idea of the order of magnitude of a, can 
be gained by expanding the exponential; ig- 
noring terms smaller than (ch)?, a, = oh/ 
12 — (oh)*/24. Since oh = 1/4, a, is small 
enough to be ignored. Hence, setting a, = 
a, da, = 0, and substituting for z, b, and x x, 

we reach equation (21) of the text. ` 
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Price Behavior in U.S. Manufacturing: 
An Empirical Analysis of the 
Speed of Adjustment 


By LEONARD SAHLING* 


In recent years, the speed of adjustment 
of prices has come to be regarded as a crit- 
ical issue for macroeconomic analysis. In- 
deed, it has been argued (by James Tobin 
and by Axel Leijonhufvud, ch. 2, especially 
pp. 67-81) that the assumption of relatively 
inflexible prices is the sine qua non of the 
Keynesian macroeconomic paradigm. To 
the extent that prices are slow to adjust to 
economic shocks, the burden of short-run 
adjustment will fall on quantity. Changes in 
the rate of production generate correspond- 
ing fluctuations in aggregate demand, and 
these fluctuations are amplified by multi- 
plier-accelerator feedbacks. Hence, cumula- 
tive expansionary or contractionary epi- 
sodes occur in the economy not just when 
prices are unvaryingly rigid, but whenever 
they are relatively sluggish in adjusting. The 
speed of adjustment of prices is thus an im- 
portant empirical issue, and the purpose of 
this study is to develop an econometric pro- 
cedure for measuring just how quickly they 
do adjust. 

In this study, price behavior is cast in 
terms of a choice-theoretic model. Its major 
premises are that firms face an uncertain de- 
mand for their output and that their prin- 
cipal objective is to maximize the expected 
value of profits. Accordingly, their pricing 
decisions are directed toward effecting a 
balance between expected marginal cost 
and expected marginal revenue. Both incre- 
mental concepts, however, embody an im- 
plicit time dimension, with marginal cost 
and marginal revenue varying as the time 


*Economist, Federal Reserve Bank of New York. I 
would like to thank K. Hurley and M. Arak for their 
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debted to R., Stein and P. Cahn for their excellent re- 
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horizon is changed. As it is not known 
a priori what time horizon firms actually 
use, a formal distinction is drawn between 
short- and long-run marginal costs, and 
both elements are provisionally included in 
the model of aggregate price formation. In 
this context, the key concern is to determine 
the extent to which prices reflect temporary 
differences between short- and long-run 
marginal costs. This provides a basis for 
gauging the speed of adjustment of prices: 
the greater the responsiveness of prices to 
these temporary differences between short- 
and long-run marginal costs, the faster the 
speed of adjustment of prices. 

This marginalist model is used to analyze 
aggregate price behavior in the U.S. non- 
food manufacturing sector from 1955 to 
mid-1971. The empirical analysis is divided 
into two parts. First, a general form of the 
model is estimated under the working as- 
sumption that prices reflect both short- and 
long-run marginal costs. Second, the esti- 
mated model is then used to evaluate the 
degree to which prices are adjusted in re- 
sponse to differences between short- and 
long-run marginal costs. Within the general 
model, different degrees of short-run price 
adjustment—that is, full, partial, or none— 
impose alternative sign restrictions on ċer- 
tain coefficients. Each of the three specifi- 
cations corresponds, then, to a distinct 
hypothesis about the speed of adjustment of 
prices. An econometric testing procedure is 
applied to determine which of them most 
accurately describes actual pricing be- 
havior. According to the empirical results, 
the hypothesis of full adjustment of prices is 
rejected, but the other two hypotheses can- 
not be rejected. Although no firm conclu- 
sions can be drawn about whether prices 
are adjusted in part or not at all in response 
to the temporary differences between short- 
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‘and long-run marginal costs, the empirical 
evidence does seem to give the edge to the 
hypothesis of partial adjustment of prices. 
In any event, based on this evidence, the 
one clear-cut conclusion is that these output 
prices have tended to be less than fully 
flexible in the short run—in conformity 
with the Keynesian paradigm. 


I. The Model 


A. Long-Run and Short-Run 
Pricing Decisions 


To begin, it is assumed that the three- 
factor Cobb-Douglas production function 
is an accurate characterization of the tech- 
nological conditions in the manufacturing 
sector: 


(1) X, = Coe" [LP VKE] 


where X, is the output produced during 
period t; L, is the labor input (man-hours) 
during period t; V, is the materials input 
during period t; K, is the stock of capital at 
the end of period t; and Cois a constant. Be- 
cause of the lack of a precise measure of 
capital utilization, the flow of capital ser- 
vices has been taken to be proportional to 
the stock of capital. The materials input 
consists of those goods that originate out- 
side of manufacturing and are purchased by 
manvfacturers for further processing. This 
production function also assumes malleable 
capital, unitary elasticities of substitution 
among factors, and Hicks-neutral technical 
change equal to 6 percent per quarter. 

Firms face a stochastic demand. Quantity 
demanded per period (Q£); from their per- 
spective, can be regarded as the product of 
two multiplicative but unobservable com- 
ponents. Accordingly, all factors affecting 
demand are grouped into two broad cate- 
gories—deterministic and stochastic: 


(2) Of = [Z, Pr]le*] 


The first bracketed term covers the sys- 
tematic factors which, in theory, predict- 
ably affect the demand for output. One of 
the main ones, for this study, is the respon- 
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siveness of demand to the prices charged by 
firms; it is given by P?, where P is the price 
and ĝ is a parameter measuring the elasticity 
of demand to price, that is, a parameter 
which neither varies over time nor over the 
business cycle. Only through this mech- 
anism are firms able to exercise partial con- 
trol over quantity demanded. The other sys- 
tematic factors influencing demand are 
beyond their individual control—for ex- 
ample, general business conditions, tax 
rates, and the prices of other goods. These 
other factors are represented collectively 


‘by the shift parameter (Z,) and will be re- 


ferred to as exogenous demand. The expo- 
nential term in the second pair of brackets 
encompasses the nonsystematic stochastic 
disturbances that impinge on demand. It is 
assumed that the exponent v is distributed . 
normally with mean zero and variance of, 
and that expectations about exogenous de- 
mand (Z,*) are formed independently of the 
stochastic component. Hence, letting the 
expected-value operator be denoted by Æ, 
the expected value of demand is equal to 


(3) E(Q4) = Zi Phe! 


Central to the model of how firms go 
about determining their prices are three key 
behavioral postulates: 1) Firms behave as 
monopolists and retain decision-making 
control over their own prices.! 2) The ob- 
jective of firms is to maximize the expected 
value of their prospective profits. 3) The 
time horizon over which firms strive to at- 
tain their objective extends far enough into 
the future that all factor inputs can be re- 
garded as being variable. Within this set- 
ting, and under the simplifying assumption 
that the quantities produced and demanded 
must in the long run be equal, the objective 
of firms can be posed in terms of con- 
strained maximization: 


1Not all manufacturing industries qualify as 
monopolistic under the usual textbook definition. 
However, Kenneth Arrow has argued that the com- 
bination of uncertainty, imperfect knowledge, and dis- 
equilibrium imparts some degree of inelasticity to the 
demand for the output of ail firms, even those in other- 
wise objectively competitive markets. 
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(4) Max It = P.E(Q#) - WEL, - MeV, 
- RÈK, — [ECO - Coe” LverKs3) 


where W, is the wage rate pe: man-hour in 
period t, M, is an index of materials prices 
in period t, and R, is the rental price of cap- 
ital in period t. In this equation, the pro- 
spective values expected over the long-term 
horizon have been denoted by a superscript 
+; these expectations are assumed to be in- 
dependent of each other, as well as of the 
stochastic component of demand. When 
this equation is differentiated with respect 
to price, factor inputs, and the Lagrangian 
multiplier, the first-order conditions for 
maximizing expected profits are obtained. 

Among these necessary conditions is the 
familiar one requiring equality between ex- 
pected marginal revenue and marginal cost. 
With a random disturbance term appended 
to it to allow for unaccountable factors such 
as “managerial inertia, ignorance, etc.” 
(Dorothy Hodges, p. 722), this first-order 
condition can be written as 


(5) l n n P* = Ape“ 


Herein, À; refers to expected long-run mar- 
ginal cost, and the disturbances are as- 
sumed to be distributed independently of 
the stochastic component of demand. The 
other first-order conditions relate to the 
optimal factor inputs, denoted as L¥, V*, 
and K;¥, and the constraint that production 
be equal to expected quantity demanded: 


(6a) L¥ = Ma E(Qf)/ WY 
(6b) VE = Ana E(Of)/ ME 
(6c) K* = ua E(QŻ)/Rt 
(6d) E(Q#) = Coe* Lë NVE Ke 23 


Obtaining the decision rule for the opti- 
mal long-run price is now a fairly simple 
matter. An explicit expression for A,, can be 
derived from equations (3} and (6a-d) and 
then substituted into (5); next, the terms in 
the resulting expression can be rearranged 
so that P stands alone on the left-hand side: 
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(7) P# = Cie 
[Wey (ME (RE) UAZ- ea 


wherein C, is a constant and the following 
definitions hold: 


p = (a, + a, + a) 
y= (p — a1 — p)) 
uy, = (p/y)u 


In what follows, it will be assumed that the 
elasticity of the aggregate demand for 
manufactured nonfood goods to prices is 
negative, i.e., 0 < 0.* Thus, the stability of 
the model requires that y > 0, for then and 
only then is the elasticity of total cost with 
respect to output (1/p) greater than the cor- 
responding elasticity of revenue (1 + 1/8). 
Were this condition not met, it would be 
profitable for firms to expand (contract) 
output as much as possible when marginal 
revenue is above (below) marginal cost. 

A different set of decision rules will apply 
in the short run, here assumed to be no 
longer than a quarter year. The differences 
stem from two intrinsic features of the short 
run: First, no matter how well firms can 
forecast, their predictions of prospective de- 
mand will still be inexact, owing to the ran- 
dom vagaries of demand. In response to 
such forecasting errors, firms will have to 
implement intraperiod accommodative ad- 
justments in either price or quantity—or 
both for that matter. Second, neither labor 
nor capital is completely flexible in the short 
run. To the extent, then, that output is 
varied in the short run, the inflexibility of 
the “fixed” factors opens up a breach be- 
tween short-run and expected long-run 
marginal costs. 

In modeling the short-run behavior of 
firms, it is assumed that investment goods 
acquired during a given period do not begin 
to yield capital services until the next 
period, and that the actual input of labor is 
adjusted toward the desired value, denoted 
as L, at a constant geometric rate: 


UN 


2For empirical evidence that supports this assump- 
tion, see the articles by William Branson and Alvin 
Klevorick, and by James Pierce and Jared Enzler. 
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(8) (L/L) = (L,/L,-1)" 


where0 < n Z 1. 

For profit-minded firms, the optimization 
problem that is faced in the short run can 
be expressed as: 


(9) Max A = P,Q? — LW, 
P,L,V 


a MV; ve RK- 
— MalQ? = Coe” (L? VCK) 


In the short run, as depicted here, the size 
of the capital stock is not a discretionary 
variable, and equality between the quanti- 
ties produced and demanded is achieved 
through variations in both price and quan- 
tity produced.? After differentiating equa- 
tion (9), the first-order conditions can be 
solved for the short-zun program for maxi- 
mizing profits: 


(10a) P, = (1 + 1/8) An 
(10b) L, = A Àn Qf W, 

(10c) V, = an Q/M, 
(10d) Q! = Cei i FOKE] 


Actually, the shor:-run price P will not 
be optimal unless the labor input is totally 
flexible. But, by combining equations (2), 
(8), and (10a-c) with the short-run produc- 
tion function, the feasible optimal short-run 
price, denoted as P’ (and distinct from P 
unless 7 = 1), can be obtained: 


(11) Ph = Cye-@/ en! Mee 
LK I zpen 


” 


3Alternatively, in accommodating demand, firms 
could vary unfilled orders or finished-goods inven- 
tories, while they maintaim price and output at con- 
stand levels. Indeed, the distinction between firms that 
behave :n this manner and those that do not plays a 
fundamental but tacit role .n the pricing model that is 
formulated in the next subsection. ° 

4The key step in this derivation consists of setting up 
the short-run production function as follows: 


(10d’) Qf = Coe™l Lii ÈL) Ve2K 23; 


which holds since (L/L_,) = (L/L_1)" by equation 
(8). After equations (2) and (10a-c) have been substi- 
tuted irto (10d’), the resulting expression can be 
simplified so that P’ stands alone on the left-hand side. 
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where C, is a constant term and the follow- 
ing definitions hold: 


K = (na, + @) 
rT = (x — @(1 -x 
v = (1 — «)/7)y, 


Note that r > 0 so long as y > 0 (see equa- 
tion (7)), and that x measures the returns to 
scale that govern short-run operations. 

Suppose, for the time being, that firms 
do revise their prices in the short run to be 
equal to P’. (Some reasons why they might 
not behave in this manner will be discussed 
in the next subsection.) To facilitate the 
analysis, let the question of how expecta- 
tions are formed be postponed for now, and 
assume that the forecasts of wages, mate- 
rials prices, and exogenous demand are on 
average equal to the actual values, i.e., 
W = Wt, M = Mt, and Z = Z+, Given 
this assumption, and upon combining the 
derivations of equations (6a~d), (7), and 
(11), the terms can be rearranged in order 
to show how short-run prices stand in rela- 
tion to optimal long-run prices: 


(12) (Pi/P#) 
= (L/L) (KE Ke 
= (Az/An)e 


According to this relationship, whether 
the optimal short-run price is above or be- 
low its long-run counterpart depends upon 
the deviations between the optimal and 
actual inputs of the fixed factors of pro- 
duction. This is a direct implication of the 
model, which depicts firms as adjusting out- 
put more quickly than they do their inputs 
of labor and capital. Within the context of 
the model, such speedy adjustments in out- 
put can only be achieved through extraordi- 
narily large increases or decreases, as the 
case may be, in raw materials and, to a 
lesser degree, in man-hours. By the same 
reasoning, moreover, P’ — P* over time, 
as firms both revise their assessments of 
prospective demand conditions and adjust 
their fixed inputs accordingly. 


£ 
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B. Industrial Price Formation: 
A Marginalist Model 


Actual prices would be equal to P’ if 
firms were unencumbered profit maximizers. 
In practice, however, there could be certain 
frictions which impede firms from fully ad- 
justing their prices. For example, Armen 
Alchian has pointed out that firms might 
well choose to hold their prices relatively 
constant in the face of short-run fluctu- 
ations in demand as a service to their cus- 
tomers. Presumably, to the extent that 
buyers thereby incur lower average search 
costs, sellers will exact a quid pro quo by 
charging a relatively higher average price. 
But producers face another impediment. 
Administrative and information gathering 
costs will be incurred when firms try to 
decide whether and by how much to vary 
their prices. Robert Barro has contended 
that these costs “... can reasonably be de- 
scribed as a lump-sum amount, independent 
of the size or direction of [price] adjust- 
ment” (p. 21). He then goes on to argue 
that a firm will only adjust its price when 
the foregone profits from not charging the 
optimal price exceed the threshold estab- 
lished by the lump sum costs. 

Now as an extension of Barro’s argu- 
ment, assume that these Jump sum amounts 


vary in size among firms. Let firms be 


arrayed along a scale according to the size 
of their lump sum amounts. In general, 
firms at the high end of the scale will infre- 
quently adjust their prices, whereas those at 
the low end will tend to “fine-tune” their 
prices. Given this continuum, the following 
expression encompasses the full range of 
feasible outcomes for aggregate pricing 
behavior: 


(13) P, = (P) (PEC 


where P, refers to the actual price and 0 < 
€e <S 1. In effect, the parameter e can be 
regarded as an ex post measure of the elas- 
ticity of actual prices to the discrepancies 
between short- and long-run marginal costs. 

Equation (13) can be used to formulate 
an eclectic model which embodies the twc 
optimal pricing rules as special cases. Upon 
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substituting equations (7) and (11) into (13), 
and then combining like terms under the 
assumption that the forecasts of wages, ma- 
terials prices, and exogenous demand are 
on average equal to the actual values, the 
resulting expression can be simplified to the 
basic model of aggregate price formation: 
(WY M (REY ZF) 
ED "(Ky)" 
where the coefficients are equal to: 


A, = —(8/y)[G — e + €(y/7)] < 0 
A, = (a, / PI — ©) + €(ny/r) > 0 
Ay = (@a/ PI — €) + €(y/7)] > 0 
Ag = (a3/y)(1 — ©) = 0 

As = K- D/U + eD - #)/ 


(1 — p)]} ? 0 
Ag = ~e] — n)a,/7] S 0 
A, = —e(a3;/7T) < 0 


The sign restrictions are intuitively sensible, 
and are all based on earlier assumptions 
about the behavioral parameters: a,, @, 
a,>0; 8 <0; 6, Yy, 7 >0; and 0 S., 
n < 1. The ambiguity about the sign on the 
exogenous-demand term arises because of 
the absence of prior information about re- 
turns to scale in the long run.’ Yet, as a 
practical matter, it would indeed be surpris- 
ing if there were increasing returns to scale 
at work in the aggregate and over the long 
run. Hence, given the a priori expectation 
of constant or decreasing economies of 
scale, shifts in the aggregate demand curve 
will either have no effect at all or tend to 
“pul” prices in the same direction, i.e., 
A; = 0. 

In an empirical application, the argu- 
ments in equation (14) are sure to involve 
distributed lag (DL) effects of different 
durations. In some cases, these DL effects 
will reflect expectation-formation processes. 
It is the expected values of wages, materials 


5Given the definition of As, it can be shown that 
As>0O if p <1; and that if p>1, then 4550, as 
(e/7) = {(e — 1)/{o — x). 
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prices, and the rental price of capital that 
appear in the model, not the actual values. 
Assuming that these expectations are 
formed on the basis of past and present 
experience, the expected factor-price argu- 
ments may then be replaced by lag distribu- 
tions of current and past actual values: 


We = (Ww, _,)”2 
Mt = UM.) 
RE = IU(R, 4)“ 


Accordingly, the sum of the estimated DL 
coefficients will be equal to the product of 
two elements: the sum of the expectations 
coefficients; and the corresponding coeff- 
cient (4;) from equation (14). Following 
Franco Modigliani and Richard Sutch, 
these expectations are taken to be blends 
of regressive and extrapolative processes. 
Hence the DL coefficients need not take on 
a simple geometric form, nor will they nec- 
essarily sum to unity. This in turn means 
that the price equation will be underiden- 
tified. Yet, as long as the sums of the expec- 
tation coefficients are positive, the sums of 
the estimated DL coefficients must still con- 
form to the inequality restrictions given in 
connection with equation (14). 

Expected exogenous demand (Z +) cannot 
be modeled in exactly the same way, since 
there is not an empirically observable mea- 
sure upon which to anchor it. However, the 
schematic factorization of demand given in 
equation (2) does suggest that the exoge- 
nous component will be closely related to 
total quantity demanded. Taking advantage 
of this theoretical association, a combina- 
tion of ‘current and past values of quantity 
demanded can be used as a stand-in for ex- 
pected exogenous demand: 


Z,* = [IICQ? 5)"55] 


Once again, the pattern of these coeffi- 
cients will reflect—though less precisely 
than before—the underlying extrapolative 
and regressive processes, and the coeffi- 
cients will presumably sum to a positive 
value, i.e., 2855 > 0. Alternatively, taken at 
face value, this autoregressive-like expres- 
sion implies that, in forming these expecta- 
tions, firms disregard the effect of past 
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changes in prices on prospective demand. 
Given the formidable problems that firms 
face in forecasting, this characterization 
may not be too much of an oversimplifica- 
tion. 

There is another reason for expecting to 
observe distributed: lag responses. Within 
the manufacturing sector, firms are highly 
interrelated in the sense that the outputs of 
some firms are inputs of others. Given this 
intricate network of “input-output” link- 
ages, the decision by even a few firms to 
raise their prices will set off a chain reac- 
tion, for other firms will then react by rais- 
ing their prices. And so the process will 
continue in multiplier-hike fashion. Note 
that this process can be triggered by any 
one of the independent variables in the 
model, including those which enter the 
model only as a result of the hypothesized 
influence of the gap between short- and 
long-run costs on prices (i.e., labor and 
capital). Moreover, once triggered, the ad- 
justment mechanism might well take longer 
than a quarter year before it unfolds fully. 

For these reasons, then, each of the argu- 
ments in equation (14) was replaced by a lag 
distribution of actual values. After taking 
logarithms, the resulting expression was 
transformed into first differences, in order 
to filter the time trends from the data series. 
Thus, the following form of the pricing 
model is the one that will be estimated: 


I 
(15) AlnP, = b, + >, by AMW, 
0 


J a G 
F > byAln M + >»; by, AlnR_, 
0 0 


(+) (+ or 0) 
S E 
+ >, bs,AInO4, + >. bg AInL_, 
0 | 
(+) (~ or 0) 
F 
+ >) byAINK_; + Us 
l 
(— or 0) 


2 


won 


Listed below each of the lag distributions _ 


is the corresponding sign requirement. 
These requirements are, of course, con- 
sistent with those that apply to equation 
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(14). In three cases, the inequality re- 
strictions are supposed to hold indepen- 
dently of the extent to which prices are 
‘varied in response to the short-run differ- 
ences in their marginal costs: i.e., Zb, 
Zb; > 0, and 2b,, 2 0, for OS ¢€ S 1. 
In the other three cases, however, the re- 
strictions do depend critically on the value 
ofe: 


(16) e = 0:2b,, > 0 and Zhe, = Dbz, = 0 
0 < é < 1:28, > 0 and Zbse, 2b, < 0 
€ = 1: 254, = 0 and È bie, Bbs <0 


Determining which of these outcomes, if 
any, best describes aggregate price forma- 
tion is an empirical task—one that is under- 
taken in Section III. 


If. Econometric Analysis 


Quarterly observations, unadjusted for 
seasonal variation, were used to estimate 
the model.® The sample period ranges from 
1953-J to 1971-II. Later data were not used 
because the Phase I price controls were 
instituted in August 1971; data limitations 
prevented the sample period from being ex- 
tended in the other direction as well. 

The data used cover the nonfood manu- 
facturing sector of the United States, that 
is, the manufacturing sector excluding the 
food processing firms that comprise the 
food and beverage industry.’® Wholesale 


6Quarterly dummy variables had initially been in- 
cluded in the regression equation to allow for seasonal 
variations in the data. These variables were subse- 
quently dropped from the analysis, however, because 
they had such a minimal and statistically insignificant 
impact. 

7A data appendix describes how the variables were 
constructed, gives a bibliography of the data sources, 
and lists the actual quarterly time series. Copies of this 
appendix are available from the author upon written 
request. 

8There were two a priori reasons for excluding the 
food and beverage industry (i.e., industry #20 in the 
Standard Industrial Classification Code). First, it 
seemed likely that food processing firms behaved dif- 
ferently in the short run than do the other manufactur- 
ing firms. One of the key premises of the pricing model 
is that firms react to short-run variations in quantity 
demanded by adjusting both price and output. Yet, in 
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price data were used to measure the prices 
of both nonfood crude materials as well as 
manufactured nonfood products. Wages 
were defined as the average hourly earnings 
of production workers, excluding the effects 
of overtime pay and of interindustry shifts 
in the composition of employment. The 
input of labor was defined as the total man- 
hours of production workers, and the capi- 
tal stock includes both plant and equip- 
ment. The other variables, quantity 
demanded and the rental price of capital, 
are discussed below in the text. 

Several stumbling blocks had to be over- 
come before the model could be estimated. 
One such impediment arises in connection 
with the impact of demand on prices. 
Within equation (15), it is maintained that 
firms vary their prices in response to 
changes in quantity demanded Q“, defined 
here as the rate of constant-dollar new 
orders.’ Yet causation almost surely runs in 
the opposite direction as well. Hence, to 
avoid simultaneity bias it was decided to 
estimate the model using an instrumental- 
variables technique. Contemporaneous 
values of real new orders were accordingly 
replaced with the predicted values obtainec 


the short run, the output of food processing firms is 
largely governed by the highly unstable supply condi- 
tions in the agricultural sector. Hence, these firms 
would perforce be much more reliant on short-run 
variations in prices than are the other firms. 

The second reason was to avert an aggregation 
problem which would otherwise have arisen in con- 
nection with the index of the wholesale prices of raw 
materials used by manufacturers. In constructing this 
index, the Bureau of Labor Statistics (BLS) uses fixed 
weights equal to the relative gross value of shipments 
in the base year. In fact, the proportion of raw fooc- 
stuffs to the total raw materials input to manufacturing 
is much bigger than the ratio of manufactured foocs 
and beverages to the total output of manufacturing. At 
the same time, the relatively large fluciuations in raw 
food prices are independent of the movements in the 
prices of other raw materials. Thus, if the prices of raw 
food stuffs had not been deleted, the index of raw ma- 
terials prices would then have been both generally un- 
representative and disproportionately noisy. 

This hypothesis is a distinguishing feature of the 
model developed in this study. In contrast, almost éll 
other empirical models have postulated that changes n 
prices are related either to the level of excess demard 
or to cumulated past rates of excess demand. See, for 
example, George de Menil’s study and William Nord- 
haus’s review of other studies (Table 3, pp. 36-37). 
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from a regression o? real new orders on a 
set of instrumental variables. !° 

Nor can the assumption of unidirectional 
causation be validly applied to the rental 
price of capital R. Following Roger Waud, 
p. 408, this variable was defined as: 


(17) R, = Fer, + d) 


Here P* is an index of the prices of plant 
and equipment purchased by manufac- 
turers; r, is the cost of capital, defined as 
the (cuarterly) interest rate on long-term 
U.S. Treasury bonds: and d is the quarterly 
rate of depreciation of the stock of fixed 
capital goods owned and operated by 
manufacturers. Under this definition, the 
supply prices of capizal goods (P*) are one 
of the primary comzonents of the rental 
cost of capital; but many of these prices 
are also components of the wholesale prices 
of manufactured goods, that is, the depen- 
dent variable for this study. Hence, the con- 
temporaneous value of the rental price of 
capital is correlated, 3y definition, with the 
residual of the price equation. While the 
one sure way out of this conundrum would 
be to disaggregate further, the alternative 
solution adopted her2 was to assume that 
the distributed lag impact of R, on prices 
begins with a one-period delay—a workable 
solution only if the residuals are serially 
independent. 

The third and last major impediment to 
estimating the mode! was the lack of a 
priori information concerning the lengths 
of the distributed lags. Even if it were as- 
sumed that the distributed lags were no 
longer than two or three years, estimating 
all possible forms of equation (15) would 
still have been an impossibly huge under- 


l0This instrumental-variables regression is described 
in detail in the data appendix. The key instrumental 
variables chosen by trial and error were the private 
nonfarm inventory-to-sales ratio, wholesale prices of 
nonfood raw materials used by manufacturers, the 
ratio of the market value of nonfinancial corporations 
to the reproduction cast of their physical assets, and 
the market yield on three-month Treasury Bills. At 
0.72, the R? for this regression is low for the first stage 
of a two-stage estimation procedure, but it is high rela- 
tive to ccmparable “‘reducec-form” models which have 
been used elsewhere to explein changes in real GNP. 
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taking. I invoked instead an adaptation of 
the ad hoc search procedure devised by 
Branson and Klevorick. This is a two-step 
procedure that involves first setting all the 
lag lengths at four periods, and then experi- 
menting systematically with other settings 
in order to find the one that minimizes the 
standard error of estimate. Almon’s poly- 
nomial technique was applied in those in- 
stances where the length of the distributed 
lag exceeded four periods. (That is, in 
applying this procedure, the degree of the 
polynomial was fixed at three, and end- 
point restrictions were not imposed.) The 
distributed lags were otherwise estimated 
freely. Also, because of data limitations and 
the manner in which the distributed lags 
were estimated, the start of the sample pe- 
riod had to be moved ahead from 1953-I to 
1955-1"! 

Selected estimation results are reported in 
Tables | and 2. In the initial regression, the 
lengths of the distributed lags had all been 
set at four periods, J] = J = S = 3 and 
E = F = G = 4, This appears as regression 
l-1 in Table 1, and it provides a standard 
of comparison for the final results. The cor- 
responding individual distributed lag coeffi- 
cients are listed in the top portion of Ta- 
ble 2. Next, guided in part by the initial 
regression results, the search was then ex- 
tended over a grid of alternative values of 
I, J, etc. In all, over fifty regressions were 
estimated. The one with the lowest standard 
error of estimate was chosen as embodying 
the best estimate of the lag structure of the 
pricing model. This appears as regression 
l-2 in Table 1; the corresponding dis- 
tributed lag coefficients are listed in the 
bottom portion of Table 2. Note how well 
these estimated coefficients conform to the 
a priori sign requirements. Nothing in the 
search procedure guaranteed this outcome. 

As a check on the model, the Chow test 
was applied to see whether there had been a 


ll Data on new orders received by nonfood manu- 
facturers are available only from 1953-I. Whereas it 
had been decided at the outset to allow for a dis- 
tributed lag on real new orders of as long as two years, 
the beginning of the sample period had to be moved 
ahead two years to 1955-I, 


t 
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TABLE 1—INSTRUMENTAL-VARIABLE ESTIMATES OF 
THE PRICING MODEL, TEXT EQUATION (15) 


Independent Number 
Variable of Lags 
Ain W 5 5 
2i 
Ain M d 
>, b3; 
AinR g 
2b 
Aln P* S 
D big 
Aln(r +d) S 5i 
4g 
Aln 0° > ; 
Ss 
AlnL E 
>» bse 
Aln K 2 
~D by f 
Constant b, 
R2 
SEE x 10? 
DY 


Regression Number 


E 1-2 1-3 
3 2 2 
0.510 0.365 0.405 
(2.95) (2.62) (2.58) 
3 0 0 
0.086 0.090 0.088 
(1.32) (4.76) (4.39) 

4 8 
0.357 0.485 
(3.43) (5.25) 
8 
0.517 
(4.65) 
8 
0.389 
(2.34) 
3 4 4 
0.114 0.211 0.207 
(3.26) (7.37) (6.31) 
4 3 3 
0.032 ~0.133 0,121 
(0.68) (3.73) (2.86) 
4 3 3 
0.018 0.047 0.031 
(0.31) (1.15) (0.66) 
—0.0056 —0.0064 —0.0066 
(3.98) (6.59) (6.11) 
0.757 0,848 0.837 
0.2485 0.1970 0.2034 
1.59 1.98 2.05 


Note: Sample period of dependent variable: 1955-1 to 1971-II; t-statistics shown in 


parentheses. 


structural shift in the coefficients over the 
sample period. Instability, in this sense, is 
often a symptom of a misspecified model. 
The sample pericd was divided into two 
parts. One part covered the period up to 
1966-IV, and the other included all subse- 
quent observations. (This dividing point 
was chosen because it marks the beginning, 
more or less, of the prolonged acceleration 
in inflation that culminated in the wage and 
price controls that were imposed in August 
1971.) When regression 1-2 was reesti- 


mated over the two subperiods, the calcu- 
lated value of Chow’s F-statistic was found 
to be 0.92. Hence, the null hypothesis of 
equality between the sets of estimated 
coefficients for the two subperiods could 
not be rejected. 

The model was subjected to another test. 
The question arises whether the significant 
coefficient of the rental price of capital in 
regression 1-2 is the result of spurious 
correlation. To see this, let definition (17) 
be generalized as: 
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(18) 


where ¢,, $2 are constants. Up to this point, 
equation (15) has been estimated under the 
tacit assumption that ¢, = œ. This is the 
source of the problem—if indeed there is 
one. Whereas all output prices in the econ- 
omy tend to move together, it is unclear 
whether a significant coefficient on the 








Note: 


THE AMERICAN ECONOMIC REVIEW 


in R, = 6,In FF + ¢,in(r, + d) 


DECEMBER 1977 


rental price of capital is reflecting anything 
beyond this common movement. In the ex- 
treme, the interest rate component of the 
rental price argument might not be con- 
tributing at all to the explanatory power of 
the regression model. 

The aim is to test whether ¢, = @3. 
Let the lag distribution on the rental price 
of capital in equation (15) be divided into 


TABLE 2--DISTEIBUTED LAG PROFILES FOR THE COEFFICIENTS IN REGRESSIONS 1-1 anp 1-2 


Regression 1-1: Initial Estimate 


t-statistics are shown in parentheses. 


Aln W, Ain M; Aln R; Aln Qf Aln K; Aln Li 
0 0.471 0.096 z 0.017 5 7 
(3.77) (3.54) (0.85) 
0.278 0.019 0.069 0.048 0.234 —0.011 
(2.25) (0.63) (1.54) (3.43) (1.90) (0.41) 
2 ~0.183 —0.021 0.049 0.036 -0.020 —0.026 
(1.33) (0.75) (0.99) (2.61) (0.15) (0.99) 
-0.057 —0.008 0.131 0.013 -0.237 —0.016 
(0.41) (0.29) (2.75) (0.96) (1.99) (0.68) 
. = 0.108 . 0.041 0.021 
(2.29) (0.42) (1.02) 
0.510 0.086 0.357 0.114 0.018 —0.032 
(2.95) (1.32) (3.43) - - (3.26) (0.31) (0.68) 
Regression 1-2: Final Estimate 
i Aln W, Aln R; Aing? AinK; Aln Li 
0 0.2 > 0.020 = = 
(3.€6) (2.19) 
=l 0.215 0.057 0.063 0.238 —0.037 
(2.28) (2.13) (6.65) (2.97) (1.81) 
22 ~0.193 0.091 0.064 0.022 —0.056 
(1.€1) (4.35) (7.32) (0.32) (3.30) 
=3 z 0.113 0.043 —0.213 —0.040 
(4.75) (5.23) (2.59) (2,52) 
=4 a 0.119 0.020 æ = 
(5.63) (1.93) 
—5 5 0.107 å 5 = 
(5.31) 
—6 å 0.072 - n ” 
(3.25) 
ae 7 0.010 x ~ = 
(0.47) 
-8 2 —0.083 z Z 5 
(3.25) 
0.355 0.485 0.211 0.047 —0.133 
(2.62) (5.25) (7.37) (1.15) (3.73) 
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two parts: 


(19) EbẹAlnR g = Dbi,AIn PE, 
+ Ebi Aln(r,_, + d) 


Thus ¢, = ¢, if and only if bj, = by, for 
g= —l,...,—8. To test the latter condi- 
tions, regression 1-2 in Table 1 was rees- 
timated with the two components of the 
rental price of capital entered as separate 
arguments. The result is reported in col- 
umn 3 of Table 1. The sums of squared re- 
siduals are equal to 1.82355 x 107-4 for 
regression 1-2, and to 1.77980 x 10-4 for 
regression 1-3. Use of the Almon Tech- 
nique reduces the number of equality re- 
strictions from eight to four. Under the null 
hypothesis that @, = @2, the calculated 
value of F amounts to: 


(1.82355 — 1.77980)/4 


F(4,43) = 
49) 1.77980/43 


= 0.26 


Clearly, the null hypothesis cannot be re- 
jected. This means that the two components 
of the rental price of capital are contribut- 
ing about equally to the overall explanatory 
power of the regression. 

For all its strengths, regression 1-2 
does feature one notable flaw. The three 
coefficients on the lagged capital-stock vari- 
ables add up to a positive value, not a 
negative one as the model requires. Even 
though two of the three individual coeffi- 
cients are significantly different from zero, 
they take on opposing signs and the sum 
turns out not to be significantly different 
from zero. This perplexing pattern could 
reflect some basic weakness either in the 
model or in the working hypothesis that 
prices are adjusted in response to differ- 
ences between short- and long-run marginal 
costs. Both possibilities are tested in the 
next section. Alternatively, however, the 
problem could stem from how the capital 
stock has been measured. The capital-stock 
estimates used in this study (i.e., quarterly 
interpolations of annual estimates compiled 
by the Bureau of Economic Analysis) em- 
body a number of assumptions. Among 
them is the assumption that two classes of 
fixed-capital goods made up of plant and 
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equipment are perfect substitutes in the 
production process. This does not square 
with what empirical evidence there is on the 
matter. Perhaps, then, the widely scattered 
coefficients on the lagged capital-stock 
variables are signaling the inappropriate- 
ness of this tacit assumption. This conjec- 
ture could not be verified, however, because 
of the lack of quarterly data for the manu- 
facturing sector which distinguish between 
plant and equipment investment. 


HI. An Empirical Analysis of 
the Speed of Adjustment of Prices 


Now that the model has been estimated, 
it will be used to evaluate the speed of 
adjustment of prices. This will be done by 
determining to what extent prices are ad- 
justed in response to the temporary differ- 
ences between short- and long-run marginal 
costs: The greater the responsiveness of 
prices to these temporary differences, the 
faster the speed of adjustment of prices. 
Different degrees of short-run price adjust- 
ment—that is, full, partial, or none— 
impose alternative sign or zero restrictions 
on certain coefficients of the model. By the 
above criterion, each specification corre- 
sponds to a distinct hypothesis about the 
speed of adjustment of prices. An econo- 
metric procedure will be applied to deter- 
mine which of these three hypotheses most 
accurately describes the actual pricing be- 
havior of nonfood manufacturing firms. 

Each of the three hypotheses about the 
speed of adjustment of prices corresponds 
to a particular specification of equation 
(15). Let H, denote the hypothesis of full 
short-run flexibility. This is the case where 
firms fully adjust their prices in response 
to temporary differences between short- 
and long-run marginal costs, where e = 1. 
In terms of equation (15), this hypothesis 
would be accepted if and only if: 


Ha: Ebaz = 0 and Z bee, Èb; < Q 


Focussing only on the feasible portion of 
the sample space, as defined by the model, 


\2For details, see equation (16) and the accompany- 
ing text. 
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the only other tenable hypotheses corre- 
spond to the following two outcomes: 


Hy: 2b, > 0 and 2bs., 2b, < 0 
He: Zig, > 0 and Ebs = Zhi, = 0 


In the case (H,:0 < e < 1), some firms 
adjust their prices ir the short run, but 
others do not. In the other case (He: = 0), 
firms in general do not vary prices in the 
short run. 

In actually testing these three hypotheses, 
it could turn out that none is accepted. 
This is not just a moo: possibility. Whereas 
there are three coefficients involved and 
each one could be either less than, equal to, 
or greater than zero, the three hypotheses 
account for only one-ninth of the total 
possible outcomes. Accordingly, if the 
twenty-seven mutually exclusive outcomes 
were all equally likely, there would then be 
almost a 90 percent probability that none 
of the hypotheses is accepted. 

Nor can the “undefined” outcomes be 
dismissed a priori as being implausible. In- 
deed, in certain instances, the sign restric- 
tions correspond with those imposed— 
either explicitly or implicitly—in other 
empirical pricing models. This can be seen 
in Table 3. Arrayed there are the partial 
elasticities from the estimated price equa- 
tions reported by de Menil, Ben Laden, 
and Otto Eckstein and Gary Fromm. 
Among the many differences between these 
specifications and equation (15), three stand 
out as being especially pertinent to the 
problem at hand: i) Two of the models (like 
virtually all others) require that prices be 
positively related to the input of labor. 
Laden’s model omits the argument entirely 
and is unusual in this respect. As a general 
rule, the man-hours argument is included in 
the price equation as an element of either 
unit labor costs or output per man-hour. 
2) Two of the models {again like virtually 
all others) omit the capital-stock arguments. 
Laden’s model is agair the exception; but 
even so, he finds that the contemporaneous 
value of the capital stack exerts a positive 
effect on prices. 3) The other models all 
omit the rental price of capital, perhaps be- 
cause it is not considered to be an element 
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TABLE 3—ALTERNATIVE MODELS 
OF PRICE DETERMINATION 


Text 


Eckstein and Equation 


Fromm? Laden? de Menil® (15) 
Cost Terms 
Pj W + + + + 
P/M + + + + 
aP/aR fore ne ee +/0 
aP/aL $ wee m -/0 
aP/aK . 4 — —/0 
Other Terms? 
aP/ag® 2 R m de 
aP/aED' + vee + zr 
OP/aP_, + + 


"Eckstein and Fromm, Table 2, p. 1172; equation 
2-(6). 

bLaden, Table 3, p. 88; equation (2). 

ede Menil, Table 1, p. 134; equation X. 

dCertain independent variables specific to individua! 
models have been omitted from the listings. 

eWhile Q has been defined as real new orders in esti- 
mating equation (15), it is defined in real value-added 
terms in the other models. 

FED denotes excess demand, measured as capacity 
utilization by Eckstein and Fromm and as the trend- 
adjusted ratio of unfilled orders to capacity output by 
de Menil. 


of the variable costs of production or else 
because it did not turn out to be statistically 
significant. In short, then, it cannot be 
taken for granted that one of the three 
hypotheses will be accepted. If it were to 
turn out that none can be accepted, the 
validity of the model would then be called 
into question. 

Henri Theil has developed a mixed-esti- 
mation procedure, pp. 350-51, that can be 
used to test the three compound hypothe- 
ses. Accordingly, in each case, the equalities 
and inequalities are regarded as prior infor- 
mation, and Theil’s x? test can be applied 
to determine whether the sample and prior 
information are mutually compatible. Im- 
plementation requires that subjective con- 
fidence intervals be formulated for the re- 
strictions. Thus, in the case of inequalities, 


'3For reported but unsuccessful attempts at includ- 
ing the rental price of capital in an estimated price 
equation, see the studies by Dale Heien and Joel Pop- 
kin; de Menil and Jared Enzler. 
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positive or negative, it was assumed that: 
| uza; | = 0.5 and ozs, = 0.25 


What this says, in effect, is that it would be 
highly unlikely for the absolute value of the 
nonzero elasticities to exceed one. Similarly, 
in those cases where the sum of the dis- 
tributed-lag coefficients is supposed to be 
equal to zero, it was assumed: 


H Eb; = 0.0 and Txb sy = 0.05 


Finally, it was also assumed that the (sub- 
jective) covariances between the prior con- 
ditions on the sums of the coefficients were 
all equal to zero. 

This prior infarmation was combined 
with the appropriate elements from the esti- 
mated variance-covariance matrix for re- 
gression 1-2, and Theil’s x? statistic was 
then calculated for each of the three cases: 
c= 1,0 <e< 1, and e = 0. Listed below 
are the outcomes of the three separate tests: 


Hypothesis € x? 
28.4 


A, e= 1 
Hs O<e< 1 6.8 
Ae e= Q 5.0 


As there are three degrees of freedom in all 
three cases, the critical value of x? at the 
5 percent level is 7.8. Accordingly, the null 
hypothesis of compatibility between prior 
and sample information is rejected in the 
case of e = 1, but is accepted in the other 
two cases. 

Though indefinite in some respects, the 
results from this application of Theil’s test 
still provide considerable insight into the 
pricing process. First and foremost, they 
can be regarded as a validation of the mar- 
ginalist approach. For the reasons discussed 
above, it might well have turned out that 
all three hypotheses were rejected. This even 
seemed like the most likely possibility, given 
the empirical results that had been obtained 
in past pricing studies (for example, those 
depicted in Table 3). But, in fact, the hy- 
potheses were not all rejected, and the 
marginalist model is thereby validated. Sec- 
ond, the results also stand as an outright 
refutation of the hypothesis of fully flexible 
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prices. In rejecting the hypothesis that 
e = l, the inference is that firms do not 
fully adjust their prices in response to the 
short-run deviations in marginal costs. 
Necessarily, then, prices must be regarded 
as being less than fully flexible in the short 
run. 

It remains an open question, however, 
whether firms adjust prices in part or not at 
all to reflect the short-run discrepancies. 
The estimated coefficients in regression 
1-2 are evidently not precise enough to 
enable Theil’s test to discriminate between 
H, and Hec. This ambiguity is not surpris- 
ing, nor are its roots difficult to trace. 
Within the model, the essential differences 
between these two hypotheses center on the 
relationships between output prices and the 
inputs of both labor and capital. Indeed, 
prices must either be negatively related or 
not related at all to both variables.'4 Now, 
look again at the distributed lag coefficients 
for regression 1-2 in Table 2. On the one 
hand, all three coefficients on the lagged 
labor-input variables are significantly less 
than zero. This is solid evidence supporting 
Hpg, as opposed to He. On the other hand, 
the three coefficients on the lagged capital- 
input variables are scattered around zero, 
and only one is significantly less than zero. 
It is this ambiguity that is reflected in the 
results of Theil’s test. This ambiguity was 
discussed earlier, and it was suggested that 
the trouble stems from measurement errors 
built into the estimates of the capital stock. 
Until this matter can be cleared up, com- 
paratively little confidence can be placed in 
the estimated coefficients of the lagged 
capital-stock variables, (That is, while these 
results cannot be said to be support for Hz, 
neither can they be interpreted as contra- 
dicting it.) 

Thus, although the empirical evidence is 
inconclusive in a strict sense, it does provide 


14For the null hypothesis that the coefficients on the 
lagged labor and capital variables were equal to zero, 
the calculated value of F was 3.91 in regression 1-2. 
The null hypothesis would be rejected at the 5 percent 
level. The trouble with this test, however, is that it does 
not take into account the sign restrictions on the co- 
efficients. 
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some basis for tentatively choosing between 
Hg and Ho. Because of the likelihood of 
measurement error, the confidence limits on 
the sum of the capital-stock coefficients 
ought to be widened in effect. Weighted in 
this way, the strength of the empirical evi- 
dence tilts the balance in favor of H,;— that 
is, that firms adjust their prices partially in 
response to the temporary deviations be- 
tween long- and short-run marginal costs. 
Yet, additional evidence is needed before 
any final conclusion cen be drawn. 


IV. Conclusions 


This study has examined aggregate pric- 
ing behavior in the key U.S. nonfood manu- 
facturing sector. The principal objective was 
to measure the speed of adjustment of 
prices; this was done by determining the 
extent to which prices are adjusted in re- 
sponse to temporary differences between 
short- and long-run marginal costs. The 
following are the main empirical conclu- 
sions: first, the marginalist pricing model 
itself was formally validated in an econo- 
metric testing context. These manufacturing 
firms do appear, therefore, to behave as 
expected-profit maximizers. Second, it was 
found that these firms do not adjust their 
prices fully in response to temporary differ- 
ences between short- and long-run marginal 
costs. In this respect, prices can be said.to 
be less than fully flexible in the short run. 
(It remains an open question, however, 
whether these firms adjust their prices in 
part or not at all to r2flect the temporary 
differences in marginal costs.) Third, many 
firms, if not all, evidently operate in terms 
of long-run planning horizons and adjust 
their prices relatively slowly over time. This 
provides econometric backing for the recent 
theoretical macroeconomic analyses that 
have traced income-constrained multiplier 
processes to relatively inflexible prices. 

At the same time, the empirical results 
of this study open up several new avenues 
for future research. First, given separate 
measures of the real stocks of plant and 
equipment, it would be useful to revise and 
reestimate the pricing model to take them 
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into account. Perhaps, then, it would be 
possible to determine whether prices are 
adjusted in part or not at all in response to 
the temporary short-run deviations in mar- 
ginal costs. Second, embedded in the ana- 
lytical framework of this study is the as- 
sumption that the speeds of adjustment of 
price and quantity are the same throughout 
all stages of the business cycle. It would be 
interesting to test this hypothesis empiri- 
cally. Third, the results indicate that rising 
interest rates do exert a cost-push effect 
on prices, via the rental price of capital. 
This is, of course, a partial effect which 
operates over the “long haul.” Neverthe- 
less, it would be useful to know the extent 
to which this partial cost-push effect 
hampers the overall effectiveness of mone- 
tary policy in engineering a slowdown in the 
rate of inflation. 
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Relative Earnings Mobility in the United States 


By BRADLEY R. SCHILLER* 


Accumulated evidence suggests that the 
shapes of the income and earnings dis- 
tributions in the Urited States are fairly 
fixed, perhaps ever. immune to major 
changes in economic conditions and public 
policy (see Edward Budd; Peter Henle; 
T. Paul Schultz; Lee Soltow; Lester Thurow 
and Robert Lucas; but contrast Morton 
Paglin). But we still know very little about 
how mobile individuals are within that rigid 
size distribution, despite the abundance of 
hypotheses that have been offered to “ex- 
plain” such (im)mobi-ity. On the one hand, 
individuals may be highly mobile across dis- 
crete points of the aggregate distribution, 
suggesting a conventional game of musical 
chairs (to the tune cf the human capital 
school fight song) in which the position of 
the chairs themselves is the only thing that 
‘never changes. On the other hand, the rigid 
shape of the aggregate distribution is 
equally compatible wich a total lack of per- 
sonal mobility—a game, as it were, that 
individuals play by remaining in their chairs 
until the music (played by dual labor mar- 
ket theorists and other structuralists) is 
over. 

These extremes of r2lative income move- 
ment have profoundly different implica- 
tions for our views of income distribution 
and economic opportunity, as a number of 
model builders have stressed. Thus, it is 
somewhat surprising that so much empirical 
attention has been devoted to the shape of 
the size distribution of income or earnings, 
and so little to the fate of individuals within 


*American University. Financial support for this 
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Richard Perlman contributed useful criticism and sug- 
gestions. 


` that distribution.! As matters now stand, we 


have a few clues on the extent of individual 
status mobility? and a lot of theorizing 
about the shape of individual earnings pro- 
files, but few links between them. The in- 
tent of this paper is to help bring these sub- 
jects together in an explicit way, while 
providing new empirical information about 
individual earnings changes. 

The paper begins with a discussion of 
the relative earnings perspective and the 
expectations for relative earnings mobility 
generated by alternative models of labor 
market behavior. The second section de- 
scribes the basic data source (Social Secur- 
ity ‘earnings records) and the statistical 
framework (transition matrices) used for 
summarizing the empirical observations. 


- This section also summarizes the basic find- 
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ings and examines their sensitivity to both 
transitory and cyclical disturbances. These 
findings are compared with theoretical ex- 
pectations in Section III, while the fourth 
section provides a summary and conclu- 
sions. 

The principal finding of this inquiry is 
that relative earnings mobility is extensive 
among employed males, both across and 
within age cohorts. This finding confirms 


l Even on a purely theoretical level, it is difficult to 
comprehend how so many theories of aggregate distri- 
bution can have been formulated (see Martin Brofen- 
brenner; Harold Lydall; Jan Pen) without more con- 
sideration of how mobile individuals are in terms of 
relative income and what factors might account for 
such mobility. The recent debate on the appropriate 
measure of the size distribution of income (see Paglin) 
typifies the fascination with aggregates. Perhaps Pareto 
was leading us.down the wrong road when he directed 
us towards iniversal mathematical characterizations 
of the income distribution, the kind of inquiries that 
have encouraged neglect of individual mobility and 
welfare. ~ 

2See Peter Blau and Otis Durican or Herbert Parnes 
(vol. 1) on the subject of occupational mobility; or 
Parnes (vols. 2-3), James Morgan, Andrew Kohen, 
Paul Taubman, and Frank Levy for limited data on in- 
come mobility. 
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the existence of tremendous variation in the 
shape of individual earnings profiles and 
thus lends considerable support to those 
labor market models that predict such vari- 
ation. Of the models tested, the on-the-job 
training (OJT) variant of human capital 
models stands out in this regard, while 
serious doubts emerge about those models 
that postulate varying degrees of segmenta- 
tion or immobility. But this “confirmation” 
of OJT models is largely a matter of de- 
fault, given the poor explanatory power of 
the alternative models tested. It is also ob- 
served that black male workers do not share 
fully in the general pattern of mobility; 
these racial differences in earnings mobility 
provide evidence of at least some selective 
segmentation (discrimination). Additional 
findings are highlighted in Section IV. 


I. Conceptual Framework 


The conceptual approach to the present 
inquiry is straightforward. If there is con- 
siderable variation in the slope of individual 
earnings profiles, then we may anticipate 
eventual changes in relative earnings status, 
or what Jacob Mincer (1974) has called 
“crossovers.” That is to say, we may anti- 
cipate that individuals will be mobile across 
points (ranks) of the earnings distribution. 
Naturally, alternative specifications of indi- 
vidual earnings functions should lead to 
different conclusions about the extent of 
relative earnings mobility. From this per- 
spective, relative earnings mobility pro- 
vides a simple, if indirect, test of alternative 
earnings functions, 

To focus on relative mobility, we may en- 
vision the earnings distribution as a hier- 
archical ordering of a finite number of 
ranks. Specifically, consider n ranks in the 
earnings distribution and the n? probabili- 
ties P,; that an individual will move from 
one rank (i) to another (j) in a given time 
period. Our initial interest here is to deter- 
mine the implications of alternative labor 
market models for the values P;; in an nxn 
transition matrix, 
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A. Stratification Models 


The most extreme expectations for a 
matrix of P; ; can be generated from various 
models of stratification. Consider, for 
example, those models that emphasize the 
importance of parental socioeconomic sta- 
tus in shaping one’s own status (for exam- 
ple, Samuel Bowles; the author, 1970). If 
everyone’s opportunities were in fact nar- 
rowly circumscribed by parental socioeco- 
nomic status (for example, via neighborhood 
schools and occupational ‘“‘connections’’) 
then we would observe little or no relative 
status change either across or within gen- 
erations. Individuals might still experience 
earnings increases, of course, but only those 
which were consistent with average growth 
rates; very little latitude would exist for 
crossovers. In terms of our conceptual 
framework, what one would observe in such 
a world would be a transition matrix equal 
to the identity matrix (.e., all P;; = 1 and 
Pij = 0, i # jf) 

Not all models of stratification are so 
rigid, of course. Models of discrimination 
based upon race or sex (rather than class) 
postulate nondiagonal entries, but expect 
them to be differentiated by the presence 
of “preferred? or “nonpreferred” workers 
(see Gary Becker, George Furstenberg, and 
Barbara Bergmann). Presumably, what is 
envisioned is a matrix that confines all non- 
preferred workers to the lower ranks of the 
earnings distribution and thus to the upper- 
left corner of the matrix bounded by the 
rank b, where b defines the boundary be- 
tween preferred and nonpreferred jobs and 
related earnings. In such a world one would 


3It is interesting to note that there are other models 
of labor market behavior that also yield identity ma- 
trices. In a world where opportunities were neither 
constrained nor enhanced by social class factors, 
natural ability would tend to dominate relative status, 
From this perspective, relative status depends on ge- 
netic rather than social class origins (see Richard 
Herrnstein, but also John Conlisk). Consequently, ob- 
serving an identity matrix would not settle the ‘‘nature 
vs. nurture” controversy, but only fan the existing 
flames. 
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not anticipate movement across discrimina- 
tory boundaries, that is, one would expect 
all Pics jo5 = Oand Piss j< = 0, although 
there might be considerable latitude for 
mobility within the submatrices defined by 
such boundaries. 

The more general model of dual labor 
markets yields a matrix in which mobility 
is similarly bounded, but not exclusively by 
race or sex. The essential feature of such 
models is the duality barrier that separates 
“primary” (or core) from “secondary” (or 
peripheral) markets. It is asserted that few 
workers hurdle this barrier (see Peter Doer- 
inger and Michael Fiore; David Gordon; 
Michael Wachter). Although the full char- 
acter cf neither secondary nor primary jobs 
has been spelled ouz, the suggestion has 
been made that annual earnings are a reli- 
able guide for distinguishing among the two 
kinds of jobs (see Howard Wachtel and 
Charles Betsey). From this perspective, 
then, one can again znvision a borderline 
rank D which reliatly separates primary 
from secondary workers, and thus sub- 
matrices of P; ; = 0. 

Dual labor market theorists are not so 
explicit, however, about their expectations 
for the remaining cells. One might suggest, 
though, that mobility between ranks within 
the secondary market is essentially random, 
since it is usually postulated that age and 
experience do not pay off in that market. 
That is to say, there are no “better” or 
“worse” career paths :n the secondary mar- 
ket that will systematically alter relative 
earnings positions. But what about earnings 
mobility within the primary market? Piore 
(1973, 1974) has suggested that relative 
wages in the primary sector are rigidly fixed 
by custom, implying very little latitude for 
changes in relative earnings position, espe- 
cially when adjusted for years of work ex- 
perience (or age cohort). This suggests a 
transition matrix in which the primary mar- 
-ket has the character Pj,.j.4 = 1, with 
zeros in the remaining cells of the sub- 
matrix. Thus, the theoretical expectations 
generated by these specific versions of the 
dual labor market model can be sum- 
marized as: 
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P, = l/dforj,k <d 
P,=I\forj=k>d 
P;, = Oforj>d,k <jandj<k,k>d 


B. Human Capital Models 


The kinds of mobility expectations gen- 
erated by models of labor market segmen- 
tation can be distinguished readily from 
those generated by human capital models. 
As suggested earlier, the basic message of 
human capital theories is that individuals 
possess the power to alter their lifetime 
stream of earnings by making alternative 
sacrifices and investment decisions (see 
Becker; Lee Lillard; Mincer 1970, 1974). If 
this is the case, then one would anticipate 
that individuals experience distinctly differ- 
ent earnings streams over time. In particu- 
lar, if human capital theorists are correct in 
assuming that investment in one’s later 
earnings potential entails a sacrifice of 
present earnings, then one might expect to 
observe considerable mobility in relative 
earnings ranks as individuals experience the 
burdens and payoffs of their varying invest- 
ment decisions. 

Our expectations vis-a-vis relative earn- 
ings mobility are sensitive, of course, to the 
kinds of investment we think important. If 
all human capital investment took place 
prior to labor market entry, then one would 
observe few changes in relative earnings 
positions once everyone had entered the 
labor market. In effect, everyone would be 
assigned a permanent position (rank) in the 


earnings distribution on the basis of the 


human capital they brought to the labor 
market. As Taubman has argued, even if 
that capital is not immediately observable 
at the time of entry, employers will soon 
differentiate among workers on the basis of 
performance. Under these conditions, 
workers will move quickly into permanent 
relative positions (all P,,; = 1), although the 
dollar distance between those positions 
might grow over time. 

A very different set of expectations is 
generated by those human capital models 
that emphasize on-the-job training. In par- 
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ticular, one should expect to observe more 
mobility between discrete points of the 
earnings distribution (what Mincer, 1974, 
calls crossovers and I observe as P;; ~ 0) 
where human capital investments are as- 
sumed to take place in the labor market it- 
self; that is, where experience (on-the-job 
training) is an important determinant of the 
slope of individual earnings functions. In 
view of the increasing recognition given to 
on-the-job training and investment (see 
William Haley; Thomas Johnson and Fred- 
erick Hebein; Edward Lazear; Mincer, 
1974; Sherwin Rosen), it seems reasonable 
to anticipate considerable crossing of rela- 
tive earnings positions, at least from this 
particular view of tabor market dynamics. 
The difficulty with the OJT variant of 
human capital models is the empirical need 
to specify what is meant by a “consider- 
able” amount of crossovers. One could ar- 
gue that the opportunities for on-the-job 
training are so numerous that all individ- 
uals have the chance to move to any point 
in the distribution. From this perspective, 
one might anticipate a matrix with all 
P;; = 1/n, where the relative position of 
each individual is determined by his tastes, 
his discount rate, and the duration of the 
relevant investment and payoff periods. 
Although the expectation of all P;j = 
| /n is not inconsistent with the OJT model, 
it does not fully reflect the richness of the 
model. In particular, Mincer and others 
argue that the amount of OJT investment is 
reflected in the difference between actual 
and potential (opportunity) earnings during 
the investment period, with the payoff ex- 
pressed as the excess of later earnings over 
what they would have been in the absence 
of such investment. In terms of our con- 
ceptual framework, this implies that indi- 
viduals of given ability who begin in the 
lower ranks of the earnings distribution 
should experience more upward mobility 
than others of equal ability but higher ini- 
tial earnings positions. To test this hypothe- 
sis, one would have to identify workers of 
“equal ability,” something we are unable to 
do with the data available. Within the con- 
fines of the present data set, we could test 
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this hypothesis only if we were willing to 
assume that all workers entered the labor 
market with identical potential (ability) and 
also that our observation period (15 years) 
captured the bulk of the investment and 
payoff period, in which case one could 
postulate a transition matrix with all minor 
diagonal elements equal to one, that is, 
P;,-; = 1. Neither assumption is very 
palatable. Accordingly, we are constrained 
to evaluate the OJT model only in the 
equiprobabilistic form described above. 


C. Other Models 


A perspective which combines some of 
the features of both labor market segmen- 
tation and human capital theory has been 
dubbed the job competition model (see 
Thurow). According to this view, marginal 
productivities are inherent in jobs, not peo- 
ple. Thus workers compete for access to a 
fixed distribution of marginal productivities 
(jobs), either on the basis of their trainabil- 
ity or employer prejudices. Relative earn- 
ings positions are then determined by the 
outcomes of the job competition. An inter- 
esting (and testable) implication of this 
particular view is that movements between 
discrete points of the earnings distribution 
will tend to be accompanied by job changes, 
either across firms or within the bureau- 
cratic structure of large firms (see David 
Wise). 

Finally, we may note that many observers 
regard the outcomes of the labor market as 
essentially random, being attributable to 
the vagaries of fortune (see Christopher 
Jencks), perhaps conditioned by the willing- 
ness to incur risk (see Milton Friedman). 
Such views of the labor market obviously 
lead to the expectation of high rate of rela- 
tive earnings mobility. In particular, if ini- 
tial and final ranks were in fact statistically 
independent, one would anticipate all P;; = 


4The significance of job changing for earnings 
growth has also been emphasized by George Borjas 
and Ann Bartel, who stress the implications for loss of 
OJT training, and by Duane Leigh, who emphasizes 
occupational change as a determinant of earnings 
growth. 
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l /n, an expectation that bears a notable re- 
semblance to the OJT human capital model 
discussed above. 

Other stochastic processes are possible, 
of course, and can in fact be contrived to 
generate just about any transition matrix 
desired. Perhaps of greatest interest are 
those models which explicitly incorporate 
an element of luck (randomness) into 
models of opportunity stratification, thereby 
creating distinct mobility tracks, but mak- 
ing the assignment cf individuals to such 
tracks an essentially random process (see 
Wise). Such models fccus on the conditional 
probability of mobility, suggesting that 
people who have started moving—having 
been (randomly) selected for a mobility 
track—will tend to continue moving. These 
models can generate transition matrices 
identical to those of OJT models, despite 
their different implications regarding the 
role of individual dezision making in the 
mobility process. 

One may safely assert, then, that com- 
peting models of labor market behavior do 
imply different relative earnings patterns 
over time. They are not so well-specified, of 
course, that one can expect to identify a 
given amount of mobility as uniquely veri- 
fying a particular model; ultimately, one 
can distinguish between them only on the 
basis of subjective judgements about what 
constitutes a little or a lot of relative earn- 
ings mobility. In so dcing, however, we may 
provide some important perspectives on 
labor market behavior and related issues of 
income distribution. 


Il. The Data 


In order to determine the extent of mo- 
bility in relative earnirgs over time, we need 
to know the actual distribution of earnings 
in specific years, as well as each worker’s 
position therein. For this purpose we em- 
ploy the Longitudinal Employer Employee 
Data (LEED) file of Social Security Ad- 
ministration (SSA) records, which contains 
quarterly observations on individual earn- 
ings histories for 1 percent of all covered 
earners. The unique and decisive advan- 
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tages of the LEED file are 1) sheer volume, 
2) longitudinal continuity, 3) nearly uni- 
versal coverage (over 90 percent of all wage 
and salary workers are now covered), 4) 
detail on firm and industry attachment, and 
5) reliability. On the last point it is impor- 
tant to note that approximately 20 percent 
of all workers have earnings in excess of 
SSA tax ceilings, and that SSA extrapolates 
from quarterly earnings to derive annual 
earnings estimates for this group. Although 
these estimates turn out to be very crude 
approximations for the highest income 
groups, they are adequate for assigning indi- 
viduals to broad subdivisions of the aggre- 
gate distribution. What makes the SSA data 
particularly appealing from a theoretical 
point of view is that they focus on labor 
earnings alone, and thus on the outcomes of 
labor market processes.° 

Although the LEED file is obviously well- 
suited for an inquiry into earnings mobility, 
it is not perfect. Of particular concern is the 
absence of data on education and occupa- 
tion, which limits our ability to explain the 
mobility patterns we observe. In addition, 
SSA records cannot distinguish between a 
move from covered employment to non- 
covered employment (principally federal 
and various state and local jobs), and a 
move to unemployment or nonparticipation 
status. Hence, the data is best-suited for a 
study of mobility among persons contin- 
uously in covered employment, and we shall 
concentrate on this subpopulation.°® 

The present inquiry focuses on a sample 
of 74,227 males from the LEED file. To be 
included in the sample, male workers had to 
satisfy the following conditions: 

(i) between the ages of 16 and 49 in 


>See Thurow for a discussion of the differences in 
labor and nonlabor income determination. We should 
also note that annual earnings are the largest compo- 
nent of total income as well as the largest source of 
variability in family incomes over time (see Morgan; 
James Smith). 

6Not all covered earnings are reported, of course; 
many employers (most notably employers of domestic 
help) do not report wages or pay the required taxes, 
But this problem is not likely to affect our results 
significantly, as we restrict our observations to male 
workers with substantial work experience. 
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1957, the first year of our observa- 
tion period; 
(ii) at least $1,000 of earnings in 1957; 
(iii) earnings in 1971, the final year of our 

observation period. 
Conditions (i) and (iii) are imposed to as- 
sure a sufficiently extended longitudinal 
framework, without including workers who 
begin working at unusually early ages or 
continue working past typical retirement 
ages. Condition (ii) is imposed to exclude 
the “mobility” of younger workers moving 
from part-time to full-time work.’ The ob- 
jective of the inquiry is to determine how 
the earnings of those workers who meet the 
above conditions (“attached workers”) 
changed during the subsequent 14 years, re- 
lative to other male workers, that is, the ex- 
tent to which these workers moved from 
one rank of the earnings distribution to 
another. 


A. The Statistical Framework 


The empirical work reported here focuses 
on cohort-specific mobility, rather than mo- 
bility within the entire earnings distribu- 
tion. Thus, we focus on the question of 
whether or not individuals of approximately 
the same age (and presumably experience) 
exchange relative earnings positions over 
time, ignoring changes in relative status 
brought about by differences in age. This 
cohort-specific focus is desirable to the ex- 
tent that individuals gauge their status in 
relation only to others of the same age (and 
sex and race?)? and to the extent that the 


70ut of a total available sample of 88,203 men, 
13,976 were excluded from consideration by the earn- 
ings cutoff. Nearly half of these were under the age of 
20, and nearly 80 percent were under 30. Subsequent 
analysis of these excluded individuals suggested that 
their mobility patterns were not strikingly different 
from those described below. 

8Itis worth noting that the intracohort mobility we 
observe here accounts for most of the mobility of our 
sample; that is to say, intracohort mobility overwhelms 
intercohort mobility—experience per se is not as im- 
portant as the nature of that experience in determining 
relative earnings growth. Additional tabulations on 
intercohort mobility are available from the author. 

?This is implicit in Paglin. 
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various labor market models discussed here 
emphasize the qualitative content of labor 
market experience. 

To isolate intracohort movement, I have 
reconstructed the earnings distributions 
specific to each five-year age cohort, in 
every year of the observation period, using 
the entire 1 percent LEED file of male 
workers as a data base. Each year’s cohort- 
specific distributions have then been sub- 
divided into twenty proportional, hier- 
archical ranks or “‘ventiles.”!® With this 
information we can assign each of our 
74,227 sampled male workers to a ventile 
rank in the earnings distribution for his 
cohort. The question of “relative earnings 
mobility” may then be addressed by de- 
termining whether or not an individual 
moves to another cohort-specific ventile 
ranking in subsequent years. The resultant 
Movs comprise our empirical estimates of 
P; ` i 

Table 1 provides summary measures of 
the P; ; calculated for the period 1957-71." 
There are no observations in the first two 
rows of Table | since workers who earned 
less than $1,000 in 1957, enough to exceed 
the first two ventile ceilings in all 1957 
cohorts, were excluded (thus, Pi; = Pj = 
0). Accordingly, our observations begin 
with individuals who were in the third co- 
hort ventile position (CVP) in 1957, gen- 
erally a group of very low-income workers. 

We may begin to gauge the extent of rela- 
tive earnings mobility by noting that the 


lCJohn McCall also partitioned the earnings dis- 
tribution into “relative earnings” ranks, but his parti- 
tions were based on arbitrary fractions of median 
earnings, and thus not proportional in size. 

‘Note that our relative earnings approach auto- 
matically adjusts for changes in money wages (infla- 
tion) and for any shifts that might be occuring in the 
aggregate (size) distribution. What it does not tell us, 
of course, is whether or not the mean distance (mea- 
sured in dollars) between points of the distribution is 
increasing or not, a measure of change in the size dis- 
tribution of earnings and hence of equality in status. 
More specific consideration of these issues is contained 
in McCall, and Nancy Ruggles and Richard Ruggles; 
both use Social Security records as an empirical base. 

124 complete matrix of P; ; as well as the specifica- 
tion of ventile boundaries is available from the author. 
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TABLE 1—-SUMMaRY MEASURES OF 
INTRACOHORT MOBILITY, 1957-71 


1957 Mean Mean 
Cohort Absolute Percent Algebraic 
Ventile Change Immobile Change 

l a = + 

$) se E — 
3 4,26 35 3.57 
4 4,01 33 2.90 
5 4.04 30 2.56 
6° 4,31 26 2.54 
7 4.08 26 1.91 
8 4,13 25 1.33 
9 3.98 24 > .64 
10 4.05 23 31 
1} 3.82 24 — 54 
12 3.92 24 — 87 
13 3.93 24 —1,48 
14 4,27 25 —2.32 
15 4,34 25 —2.82 
16 4,45 27 —3.30 
17 4.56 28 —3,73 
18 4.75 31 —4.27 
19 4.51 42 -4.19 
20 4.12 48 —4.12 
Total 4.22 29 =i 93 

Standard 

Deviation (3.82) (5.61) 


Note: Correlation coefficient = .150; N = 74,227. 


correlation coefficient for this sample is .15, 
suggesting that there is virtually no linear 
relationship between CVPi(1957,) and 
CV Pism. The other measures of mobility 
depicted in Table 1 ettempt to convey the 
extent of movement experienced by this 
highly mobile sample. The mean absolute 
change (average absolute deviation) is 4.22 
ventiles (approximate.y 21 percentiles). The 
extent of mobility experienced by indi- 
viduals from each 1927 ventile is shown as 
well; the figures sugg2st that the extent of 
mobility experienced does not vary sub- 
stantially across 1957 ventiles. 

Mean absolute changes in relative posi- 
tion may, of course, d:sguise a lot of immo- 
bility if the means are overly influenced by 
the experiences of a small number of highly 
mobile people. Accordingly, a second mea- 
sure of mobility is provided in Table 1, 
namely, the percentage of people who move 
less than two ventiles. A move from one 
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ventile to another may encompass a dis- 
tance of anywhere from 0 to 10 percentiles 
and may thus obscure a lot of immobility. 
Hence, we designate ACVP < 2 as “little 
or no mobility.” By this standard, 29 per- 
cent of the entire sample was immobile, al- 
though there are marked differences across 
1957 ventiles. Notice in particular the sig- 
nificantly higher rates of immobility in the 
highest and lowest 1957 ventiles: the relative 
status of people at the top or bottom of the 
earnings distribution is significantly more 
stable than the status of those in the broad 
middle ranges of the distribution. 

Finally, we present the mean algebraic 
movement of the sample and each of the 
1957 cohort ventiles. The overall algebraic 
decline in status results from the imposition 
of a floor under 1957, but not 1971 ventile 
positions; otherwise the mean algebraic 
move for the entire sample would be zero 
and of no interest. In examining the al- 
gebraic movement of the separate 1957 
ventiles, a “regression towards the mean” is 
clearly discernible, implying more equality 
of lifetime earnings than is evident in the 
figures for any particular year. 


B. Transitory and Cyclical Disturbances 


The degree of significance to be attached 
to observed mobility patterns depends in 
part upon how “permanent” such patterns 
are thought to be. On one hand, there is a 
distinct possibility that much or all of the 
observed mobility is of a transitory nature, 
and thus of little long-run statistical or 
socioeconomic significance (see Friedman; 
Jencks). On the other hand, there is also the 
very real possibility that the relative earn- 
ings mobility observed here is unduly in- 
fluenced by cyclical factors. This second 
concern is accentuated by the fact that the 
U.S. economy experienced a moderate re- 
cession near the end of the observation 
period (1971). 


The same pattern of immobility across 1957 ven- 
tiles was observed using ACVP <3 as the standard 
for “immobile,” although the average level of im- 
mobility (42.4 percent) was of course higher. 
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In examining the question of whether 
iransitory or cyclical phenomena have dis- 
torted our perceptions of mobility, it must 
be remembered that we are measuring rela- 
tive earnings mobility across ventile posi- 
tions of the earnings distributions. Further- 
more, mobility was defined as a move of at 
least two ventiles (i.e., a move of from 5 to 
10 percentiles). Accordingly, the basic defi- 
nition of immobility used here allows for 
considerable variation in relative incomes, 
be it of a random or cyclical nature. That is 
to say, our statistical framework establishes 
the presumption that our mobility observa- 
tions represent more than random or 
cyclical noise." This presumption does not 
obviate the necessity to test for transitory 
and cyclical disturbances, however. 

The test for “transitory” noise takes ad- 
vantage of the longitudinal character of the 
data set. The data are first partitioned into 
five-year subperiods, and within each period 
individuals are classified according to their 
mobility experience during that period. The 
question thus becomes whether or not the 
mobility of one period is reversed in the 
next, thus rendering mobility a transitory 
phenomenon. 

The focus here will be on the periods 
1957-62 and 1962-67.'° Individuals are first 
classified according to their observed (im)- 
mobility during the period 1957-62, then 
the mean change in CVP is computed for 
each of these groups over the period 1962- 
67. Thus, we are implicitly attempting to 
predict 1962-67 mobility on the basis of 
1957-62 experience. For convenience of ex- 
position, the test statistic Q is computed 
according to 


Q = ACVP 1967/1962 
ACV P 1962/1957 


The sign of Q indicates whether or not the 
direction of mobility has been changed, 


14At the same time, of course, this framework makes 
it more difficult to ascertain the full significance of 
transitory income changes, especially those of an intra- 
ventile nature. 

'5For alternative tests see Lillard, and Lillard and 
Yoram Weiss. 

16Similar analyses were done for other subperiods 
and yielded analogous results. 
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TABLE 2—Q-VALUES, BY 1962 CVP AND 
MOBILITY EXPERIENCES, 1957-62° 


1962 1957-62 Mobility Experiences 
Cohort Ventile Up Down 
l -= — 1.03 
2 ~ — 82 
3 ~ — .14 
4 - — .64 
5 30 — 32 
6 06 — 46 
7 ~15 — 35 
8 Zt ~ 39 
9 24 — 38 
10 04 — 22 
11 00 — .09 
i2 ~ .07 04 
13 —.16 1] 
14 ~.28 30 
15 — .33 33 
16 ~ 50 70 
17 ~.54 61 
18 —.49 34 
19 ~ 44 
20 ~ 53 =- 
Total —.27 -20 


2 Q= ACV Pwy1967/62 
ACV Pj) 1962/57 


while the absolute value of Q gives the ex- 
tent to which the average rate of mobility 
has been altered. Clearly, a Q-value of —1.0 
or smaller suggests that observed mobility 
is “transitory”? in the sense of being re- 
versed in subsequent years. On the other 
hand, positive Q-values indicate constant 
direction of movement, and thus suggest 
that mobility is understated by the above 
measurements. Finally, Q-values between 0 
and —1.0 indicate some degree of reverse 
mobility, but not enough to offset earlier 
gains or losses. The Q-statistics have been 
calculated for the downward and upward 
individuals within each 1962 CVP, and are 
presented in the first two columns of Ta- 
ble 2. Empty cells reflect our 1957 income 
floor and the underlying definition of mo- 
bility (ACVP > 2). 

A review of the first two columns sug- 
gests that full reversal of observed 1957-62 
mobility occurs in only | out of 34 possible 
cells, and this at one of the extreme ends of 
the distribution (where floor and ceiling ef- 
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fects are most important). Further inspec- 
tion suggests only a few Q-values are close 
to —1.0 and thus of support to the “re- 
versal” hypothesis. The remaining cells, of 
course, reflect either partial retrenchment or 
constant direction of mobility. Taken to- 
gether, these observations suggest that the 
reversal hypothesis has some validity, but 
also that most of the mobility observed here 
is in fact “permanent.” Without observing 
the entire work cycle, one cannot of course 
preclude the possibility of later reversals. 
But these findings are strong enough to re- 
ject the suggestion that our present observa- 
tions reflect nothing more than transitory 
disturbance. !” 

Additional evidence on transitory dis- 
turbances can be generated by varying the 
length of the observation period. If tran- 
sitory noise dominates our observations, 
then the above mobility measures should 
not be sensitive to the number of years that 
elapse between initial and terminal observa- 
tions of relative earnings. On the other 
hand, if there really are mobility patterns, 
that is, individuals trending up or down the 
distribution, then meésured mobility should 
increase with the length of the observation 
period. This simple test of transitory dis- 
turbances is accomplished by shortening 
our observation period to ten years, that is, 
to the period 1957-67 from 1957-71. This 
truncation of our longitudinal horizons 
does in fact significantly reduce measured 
mobility. Specifically, the correlation coeffi- 
cient increases from .150 to .187, the mean 
absolute move decreases from 4.22 to 3.54 
ventiles, and the prcportion of immobile 
workers increases from 29 to 34 percent. 
Moreover, the decreese in mobility is ex- 
perienced by all ventilzs and age cohorts. 

The increase in mobility that results from 
adding four years ta the 1957-67 period 
may-be due to the cyclical factors men- 
tioned above, however. To test this hypo- 


17]t should be noted that we have not said anything 
here about the process which generates (permanent) 
mobility. It is quite possible, as we shall note again in 
Section IV, to generate our observed mobility patterns 
from stochastic processes o7 (re)distribution.. 
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thesis one can compare mobility rates for 
the periods 1957-67 and 1962-71.'8 If the 
latter period evidences significantly more 
mobility than the former, then the possibil- 
ity of cyclical distortions should be taken 
seriously. This is not the case. The correla- 
tion coefficient for the 1962-71 period is 
.192 (vs. .187), the mean absolute move is 
3.67 (vs. 3.54) and the proportion immobile 
is 35 percent (vs. 34 percent). Accordingly, 
there is no evidence that the above measures 
of mobility are seriously inflated by cyclical 
factors unique to the terminal year chosen. 
It appears, then, that our basic empirical 
observations are sound, in the sense of re- 
flecting more than transitory or cyclical dis- 
turbances. In the following section I shall 
attempt to assess the implications of such 
mobility for alternative labor market models. 


I. Tests of Expectations 


As interesting as the basic findings may 
be in their own right, it is still difficult to 
determine whether they reveal a lot of mo- 
bility or just a little. How significant is it 
that 70 percent of male workers are mobile, 
and that the average move spans a distance 
of one-fifth of the aggregate distribution? 
As a partial answer to this question, one 
can compare our findings to the expecta- 
tions previously generated from alternative 
labor market models. The summary mea- 
sures depicted in Table 1 serve as the foun- 
dation for such tests, although submatrices 
and additional summary measures are gen- 
erated for blacks and for different age 
cohorts as the testing proceeds. 


A. Stratification Models 


l. Class Discrimination 

As noted earlier, models of rigid seg- 
mentation based on class or parental socio- 
economic status imply little or no move- 
ment off the major diagonal (i.e. P, = 


i8The use of 1962 rather than 1961 is dictated by our 
early formation of the basic data file into five-year ob- 
servation periods; this does not influence our conclu- 
sions here, however, as we shall note. 


er cee 
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0,;«;). such models are clearly incompatible 
with observed patterns. Only 10.6 percent 
of the workers in this sample satisfy this ex- 
pectation, the other 89.4 percent represent- 
ing deviations. Even on the basis of the 
more liberal measure of immobility 
ACVP < 2, it was found (Table 1) that 
only 29 percent of the sample lived up to 
the expectations generated by this model. 
Finally, recall that the correlation coeff- 
cient between CV Pigs; and CV P97, amounts 
to only .15, suggesting pervasive mobility. 

What little support the class discrimina- 
tion model does find in this data lies at the 
extremes of the earnings distribution: over 
33 percent of the lowest paid (attached) 
workers remain at the bottom of the distri- 
bution, while well over 40 percent of those 
in the highest reaches of the distribution re- 
main in their position over the fifteen years 
of the observation period. Even this support 
must be qualified, however, by the open- 
ended nature of the highest earnings rank: 
once individuals exceed the lower boundary 
of the highest ventile they may experience 
tremendous changes in earnings but still be 
counted as immobile. 


2. Racial Discrimination 

The failure of the most extreme seg- 
mentation model to account for observed 
mobility patterns does not deny the possi- 
bility of discrimination against particular 
subpopulations of any class, of course. Ac- 
cordingly, an explicit test of the racial dis- 
crimination hypothesis will be considered 
next. To do so, a transition matrix was con- 
structed for the 6,109 blacks in the sample, 
with their relative status determined by 
their earnings in comparison to all male 
workers of the same age cohort.!” 

The simplest version of the discrimina- 
tion model, namely, the notion the blacks 
are confined to (or “crowded into”) the 
lower end of the earnings distribution is not 
supported by our observations. To test the 


Recall that the earnings distributions themselves 


are generated from the entire LEED file. This and sub- 


sequent matrices are available on request from the 
author. 
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model, the hypothetical boundary b, which 
separates blacks and whites, must be identi- 
fied. Without stipulating b a priori, we can 
look instead for such a demarcation in the 
data itself. What we find is that the bound- 
ary, if it exists, is high up into the distribu- 
tion. Only 17 percent of the blacks in our 
sample are confined to the first five ventiles, 
50 percent to the first nine, and we must go 
as far as the twelfth ventile to capture 70 
percent of the blacks. 

This is not to deny any evidence of dis- 
crimination, of course, but only to reject the 
crudest models of it. There are alternative 
formulations. One might hypothesize, for 
example, that individual blacks enter the 
labor market with different bundles of skills 
and thus start out in a variety of ventile 
positions. Having begun their careers, how- 
ever, they confront restricted opportunities 
for further mobility. This hypothesis is 
compatible with the above observation that 
there is no meaningful boundary between 
blacks and whites on the earnings scale; 
what it suggests is that blacks will ex- 
perience less mobility than whites once their 
starting position is determined. 

Our summary measures of mobility pro- 
vide mixed evidence on the comparative 
mobility of blacks. Black males are on aver- 
age no more immobile than white males 
(30 vs. 29 percent), according to our basic 
standard of immobility (ACVP < 2). But 
blacks experience a mean absolute move of 
only 3.73 ventiles compared to average 
white mobility of 4.22 ventiles, a difference 
which is both statistically significant (at the 
.005 level) and important. The most striking 
differences between blacks and whites, how- 
ever, are apparent when the patterns of mo- 
bility across ventiles are examined, as in 
Table 3. Notice in particular the extremely 
low rates of immobility among blacks at the 
top of the distribution (for example, 
CVP = 19, 20), and their very high rate of 
immobility at the bottom. What this means 
is that black workers have an easier time 
staying at the bottom of the distribution, 
but a difficult time precariously clinging to 
the higher earnings positions. 

Our final measure of racial discrimina- 
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TABLE 3—-COMPARATIVE BLACK MOBILITY, 1957-71 


1957 Percent Immobile 
Cohort 
Ventile White Black 
1 £ 
4 2 
3 35 47 
4 33 44 
5 30 39 
6 26 
7 26 29 
8 25 
9 24 
10 23 23 
l1 24 22 
12 24 26 
13 24 23 
14 25 20 
15 25 
16 27 
17 28 
18 31 
19 42 
20 48 07 
Average — 29 


tion is the mean algebraic change in relative 
earnings positions experienced by whites 
and blacks. The concern here is to deter- 
mine whether or not blacks and whites who 
begin in the same 1957 position move equal 
distances therefrom. The above observa- 
tions on immobility rates already suggest a 
negative answer, of course, but the alge- 
braic deviations provide the clearest picture 
of just how difficult rt is for blacks to hold 
onto high relative earnings positions. 
Notice in Table 3, for example, that blacks 
from the highest 1957 ventiles fell on aver- 
age over three ventiles further than sim- 
ilarly positioned whites. On the other hand, 
blacks who started out in the lower ventiles 
failed to match the high upward mobility of 
whites from those same ranks.” 

As a concluding observation, we may 
note that, overall, black workers failed to 


20 All of the ventile-specific differences between the 
algebra:c mobility of blacks and whites as reported in 
Table 3 are statistically significant at the .001 level. 
McCall performed a similar analysis, calculating ex- 
pected zbsolute incomes in 1966 for blacks and whites 
of similar 1957 incomes. a 
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~i 
Mean Algebraic Change 
White Black 
3.57 1.93 
2.90 1.39 
2.56 88 
2.54 58 
1.91 42 

1.33 — 36 ~ 
.64 — .67 
„31 — .55 
— .54 —1.76 
— .87 —2.34 
— 1.48 —2.20 
—2,32 —4,44 
—2.82 —5.15 
—3,30 —6.10 
—3.73 —6.83 
—4,27 -7.68 
—4.19 -7.97 
-4,12 —7.21 
~ .93 — .77 

4 


increase their relative status over the period 
1957 to 1971. Their relative gain of .15 
ventiles is not only inconsequential from a 
socioeconomic perspective, but even fails to 
achieve statistical significance at the .01 
level, something quite unusual for this 
sample. What this observation suggests is 
that the civil rights and equal opportunity 
iniviatives of the 1960’s failed to benefit 
black workers who were already assimilated 
into the labor market. At best, it appears 
that such activity benefited only black en- 
trants into the labor force, workers who 
would not be included in our sample of at- 
tached workers.?! 


3. Dual Labor Markets 

As was noted in Section I, the dual labor 
market model cannot be meaningfully 
tested unless one is willing to identify the 
location of the boundary d between primary 


21 Victor Fuchs has suggested that this conclusion is 
not fully warranted, as the relative status of blacks 
might actually have fallen in the absence of the civil 
rights movement; but this is a very limited concept of 
success (and itself unproven). 
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and secondary markets, and formulate ex- 
plicit hypotheses about relative earnings 
behavior in each market. I have chosen to 
locate d at the fifth ventile, and compared 
the transition matrix of observed P; ,; to the 
dual labor market model on this basis. As it 
turns out, the substance of our findings is 
not sensitive to this choice. The dual labor 
market model does little better than the 
more rigid class discrimination model in 
accounting for observed mobility. Overall, 
only 14.8 percent of the sample fulfills the 
expectations of either remaining in the 
secondary market or in a fixed relative posi- 
tion within the primary market. Using the 
broader measure of immobility (ACVP < 
2) in the primary market, the predictive 
capability of the model increases to 30.5 
percent of the sample. This is still quite 
modest in view of the fact that a perfectly 
random distribution of people across ven- 
tiles would “explain” half of that. 

It could be argued, of course, that our 
sample of attached workers does not really 
represent the population envisioned by dual 
market theorists, particularly with respect 
to the secondary market. It is often sug- 
gested, for example, that women, blacks, 
and teenagers comprise a substantial pro- 
portion of the secondary labor market. 
Hence, it might be argued that one cannot 
really disprove the duality hypothesis by 
observing high rates of mobility among a 
general sample of attached male workers. 

The objection is important, but not en- 
tirely convincing. Our data at least suggest 
that vast numbers of males move out of low 
paying jobs into better ones, thus refuting 
the notion of a self-contained trap. We have 
also demonstrated that the simple duality 
model does not apply to black males. As for 
teenagers, the model can only suggest that 
the kinds of jobs available to young inex- 
perienced labor market entrants are limited, 
not that people who begin work at young 
ages never climb the relative status ladder.” 


22The workers in our sample who were aged 16-19 
in 1957 experienced extremely high upward mobility 
over the ensuing fourteen years, rising an average of 
9.1 ventiles in the aggregate {not cchort-specific) 
earnings distribution. 
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Accordingly, to the extent that earnings are 
a key descriptor of primary or secondary 
jobs, one may conclude that the duality 
model is not consistent with observed mo- 
bility patterns. 


B. Human Capital Models 


1. Schooling Investments 

In testing human capital models one 
should maintain the distinction between 
schooling and on-the-job training invest- 
ments. As was observed earlier, the basic 
schooling models generate (im)mobility ex- 
pectations similar to those of class discrim- 
ination models; thus, they fail to account 
for the mobility patterns documented here. 
Even Taubman’s suggestion that it may 
take a few years for workers to find their 
appropriate human capital slots does not 
vindicate the schooling model. This can be 
seen in Table 4, which depicts the mobility 
experiences unique to each cohort. Accord- 
ing to Taubman’s argument, very little mo- 
bility should be experienced by workers 
over the age of 25. Examination of Table 4 
clearly indicates, however, that mobility is 
a pervasive phenomenon for all age cohorts, 
despite the fact that rates of mobility (as 
measured by percent immobile or mean ab- 
solute change) tend to decline with age. 


2. OJT Investments 

As was noted in Section I, the expecta- 
tions of OJT models are difficult to specify, 
particularly when the length of the work 
cycle is truncated and there is no inde- 
pendent control on an individual’s initial 
stock of human capital. It was also noted, 
however, that an expectation of P,; = 1/n 
(or .05 in our framework) is not unreason- 
able if OJT opportunities are pervasive. 
Using this expectation as a test, It was 
found that the OJT model performs quite 
well, correctly anticipating over half (54.8 
percent) of our observations. If we restrict 
our observations to the broad middle range 
of the distribution, cutting off the highest 
and lowest two ventiles, the goodness of fit 
rises to 60.5 percent. On this basis then, it 
appears that the OJT model of human cap- 
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TABLE 4—INTRACOHORT MOBILITY MEASURES, BY COHORT AND RACE 








Mean Mean 

Algebraic Absolute 

1957 Change Change 

Cohort 

Total Black Total Black 
16-19 —5.60 —8.79 6.49 9.09 
(5.72) (5.10) (4.68) (4.55) 
20-24 — 56 —2.03 5.23 4.43 
(6.50) (5.16) (3.89) (3.33) 
25-29 — .70 — .74 4,46 3.82 
(5.81) (4.87) (3.79) (3.11) 
30-34 — 48 — .00 3.79 3.41 
(5.18) (4.60) (3.56) (3.09) 
35-39 — .74 — .16 3.68 3.08 
(5.06) (4.13) (3.55) (2.76) 
40-44 — 8 OF 3.62 3.08 
(5.04) (4.22) (3.60) (2.88) 
45-49 —1.00 .13 3.72 3.28 
i (5.18) (4.46) (3.74) (3.02) 


Note: . Standard deviations in parentheses. 


ital development derives considerable sup- 
port from the data. 


C. Other Models 

The high rates of relative earnings mo- 
bility observed here are better accounted 
for by OJT models cf human capital invest- 
ment than the stracification or education 
models reviewed. However, the tenuous na- 
ture of that support is apparent when we 
reconsider other models, particularly those 
based on some form of stochastic mech- 
anism for distributing relative status. 

As noted in Secticn I, a completely ran- 
dom redistribution of status in every year 
would generate transition probabilities of 
P;; = .05. In this sense, it would appear 
that a random distribution process explains 
our observations just as well as the OJT 
model. However, we have also noted a sem- 
blance of stability in the direction of mo- 
bility, as detailed in Table 3. Since a com- 
pletely random (re)distribution- process 
would not generate. directional stability, it 
does not explain our observations as well as 
the OJT model of human capital invest- 
ment. 

A completely random redistribution in 
every year is an extreme version of the 
stochastic process, of course, and is theo- 


Percent 
Immobile 
al otal Black N 
17 .06 3547 total 

198 blacks 

20 23 11839 

1064 

24 26 13401 

1152 

3] 33 13509 

1130 

33 35 12672 

990 

35 37 11028 

i 922 

35 35 8231 

670 


retically unsatisfying as well. More satisfy- 


~} 


ing are models which base the stochastic 
process on some form of substantive foun- ` 


dation, be it personal characteristics (see 
Bartel) or shifts in the structure of oppor- 
tunities (see Aage Sorenson; Wise; Thurow). 
Furthermore, limited attempts to compare 
the expected outcomes of such processes 
with empirical observations -have been 
partially successful (see Wise; McCall). 
What must be emphasized here is that a 
stochastic distribution process could be 
specified that would yield good “‘predic- 
tions” of the mobility observed here, in- 
cluding the element of directional stability. 
(Wise is particularly interesting in this re- 
gard.) 


IV. Summary and Conclusions 


The longitudinal earnings data reviewed 
in this paper unambiguously demonstrate 
that individuals are highly mobile -across 
relative positions in the earnings distribu- 
tion: 70 percent of the male workers in our 
sample are mobile and move on average a 


distance of one-fifth across the earnings dis- 


tribution of their age cohort. Moreover, 
high mobility is a phenomenon that con- 
tinues throughout one’s working life. It was 


~— 
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also noted that an element of directional 
stability exists in this mobility, implying 
that these observations reflect something 
more than purely random fluctuations. 

Models of labor market behavior that 
imply high rates of individual mobility will 
naturally find the greatest support in our 
observations. Of the models reviewed, the 
OJT variant of human capital models 
stands out in this regard, explaining more 
than half of the observed mobility. How- 
ever, because other models (particularly 
those that distribute relative positions on 
the basis on some stochastic process) could 
generate equally good predictions, this sup- 
port must be severely qualified. Essentially, 
what we have demonstrated is that those 
labor market models implying high rates of 
relative earnings mobility have more ex post 
plausability than various models of stratifi- 
cation. The OJT model is not uniquely veri- 
fied by such observations; rather it stands 
out as one of the few models that formally 
accounts for mobility. 

Our conclusions must be further qualified 
by the pockets of immobility observed. Al- 
though, for example, it is clear that models 
of pervasive stratification (on whatever 
basis) are not likely candidates for general 
descriptions of the labor market, they may 
still play important roles. The lower mo- 
bility of black workers, for example, is ob- 
viously consistent with such models, as is 
the tendency toward lower mobility in the 
highest and lowest ventiles. The evidence on 
blacks is particularly disturbing as it not 
only suggests differential constraints on mo- 
bility but also that black workers already 
assimilated into the labor market by 1957 
failed to receive any relative benefits over 
the subsequent fourteen years, a period 
which encompassed extensive civil rights 
and equal opportunity activity. 

The concept of relative earnings mobility 
provides a new perspective for assessing 
labor market models and behavior, as well 
as for interpreting the microeconomic sub- 
stance of the (static) distribution of income. 
It cannot yet answer all the questions one 
might like to ask, however. To distinguish 
still more reliably among alternative earn- 
ings models, one must answer additional re- 
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search questions. In particular, the relation- 
ship between earnings mobility and job 
experience must be examined. A most com- 
pelling implication of these findings is that 
more attention should be focused on the 
process of mobility, that is, on the mech- 
anisms that facilitate or obstruct status im- 
provement. The OJT model is but one ex- 
ample of such a focus, and has come to 
dominate this perspective, largely by de- 
fault. Alternative explanations could easily 
be formulated, either on the basis of other 
supply characteristics, demand-side vari- 
ables, or institutional factors which alter 
the character of both supply and demand. 
Presumably, the failure to recognize the 
pervasiveness of relative earnings mobility 
has inhibited the development of such al- 
ternatives. 


REFERENCES 


A. J. Alexander, “Income, Experience, and 
the Structure of Internal Markets,” 
Quart. J. Econ., Feb. 1974, 56, 63-85. 

A. P. Bartel, “Job Mobility and Earnings 
Growth,” Nat. Bur. Econ. Res. work. 
paper no. 117, New York 1975. 

Gary Becker, The Economics of Discrimina- 
tion, Chicago 1971. 

, Human Capital, New York 1964. 

B. R. Bergmann, “The Effect on White In- 
comes of Discrimination in Employ- 
ment,” J. Polit. Econ., Mar./Apr. 1971, 
79, 294-313. 

Peter M. Blau and Otis Dudley Duncan, The 
American Occupational Structure, New 
York 1967. 

G. Borjas, “Job Investment, Labor Mobility 
and Earnings,” unpublished doctoral dis- 
sertation, Columbia Univ. 1975. 

S. Bowles, “Understanding Unequal Eco- 
nomic Opportunity,” Amer. Econ. Rey. 
Proc., May 1973, 63, 346-56. 

Martin Brofenbrenner, income Distribution 
Theory, Chicago 1971. 

E. C. Budd, “Postwar Changes in the Size 
Distribution of Income in the U.S.” 
Amer. Econ. Rey. Proc., May 1970, 60, 
247-60. 

J. Conlisk, “Can Equalization of Opportun- 
ity Reduce Social Mobility?,” Amer. 
Econ. Rey., Mar. 1974, 64, 80-90. 





940 THE AMERICAN ECONOMIC REVIEW 


M. David and R. Miller, “A Naive History of 
Individual Incomes in Wisconsin, 1947- 
59,” mimeo, Univ. of Wisconsin, June 
1968. 

Peter B. Doeringer and Michael Piore, Internal 
Labor Markets and Manpower Analysis, 
Lexington 1971. 

Milton Friedman, Capitalism and Freedom, 
Chicago 1962. 

George Furstenberg et al., Patterns of Discrim- 
ination, Lexington 1974. 

David Gordon, Theories of Poverty and Under- 
employment, Lexington 1972. 

W. J. Haley, “Human Capital: The Choice 
Between Investment and Income,” Amer. 
Econ. Rev., Dec. 1973, 63, 929-44. 

P. Hart, “The Dynamics of Earnings; 1963- 
1973,” Econ. J., Sept. 1976, 86, 551-65. 

P. Henle, “Exploring the Distribution of 
Earned Income,” Mon. Lab. Rey., Dec. 
1972, 95, 16-27. 

R. Herrnstein, “].Q.,” Atlantic, Sept. 1971. 

Christopher Jencks et al, Inequality, New 
York 1972. 

T. Johnson and F. J. Hebein, “Investments in 
Human Capital and Growth in Personal 
Income,” Amer. Econ. Rev., Sept. 1974, 
64, 504-15. 

Andrew I. Kohen, Career Thresholds, Vol. 4, 
Columbus 1973. 

E. Lazear, “Age, Experience, and Wage 
Growth,” Amer. Econ. Rev., Sept. 1976, 
66, 548-58. 

D. E. Leigh, “The Effect of Job Experience 
on Earnings Among Middle-Aged Men,” 
Ind. Relat., May 1976, 15, 130-46. 

, Occupational Advancement in the 
Late 1960’s: An Indirect Test of the Dual 
Labor Market Hypothesis,” J. Hum. 
Resources, Spring 1976, 11, 155-71. 

F. Levy, “How Big is the American Under- 
class?,”’ work. paper no. 39, Univ. Cali- 
fornia-Berkely 1975. 

L. A. Lillard, “Inequality: Earnings vs. Hu- 
man Wealth,” Amer. Econ. Rev., Mar. 
1977, 67, 42-53. 

and Y. Weiss, “Analysis of Longitu- 
dinal Earnings Data: American Scientists 
1960-70,” Nat. Bur. Econ. Res. work. 
paper no. 121, New York 1976. -> 

Harold Lydall, The Structure of Earnings, Ox- 
ford 1968. ` 








DECEMBER 1977 


John J, McCall, Income Mobility, Racial Dis- 
crimination, and Economic Growth, Lex- 
ington 1973. 

J. Mincer, “The Distribution of Labor In- 
comes: A Survey,” J. Econ. Lit., Mar. 
1970, 7, 1-26. 

, Schooling, Experience, and Earn- 
ings, New York 1974, 

James N. Morgan et al., Five Thousand 
Families— Patterns of Economic Progress, 
Ann Arbor 1974. 





M. Paglin, “The Measurement and Trend of ~ 


Inequality: A Basic Revision,” Amer. 
Econ. Rev., Sept. 1975, 65, 598-609. 

Herbert S. Parnes, The Pre-Retirement Years, 
Washington 1970. 

Jan Pen, Income Distribution, New York 
1971. 

Michael J. Piore, “Fragments of a Sociologi- 
cal Theory of Wages,” Amer. Econ. Rey. 
Proc., May 1973, 63, 377-84. 

, Labor Market Stratification and 
Wage Determination, Washington 1974. 

S. Rosen, “Learnings and Experience in the 
Labor Market,’ J. Hum. Resources, 
Summer 1972, 7, 326-42. 

N. D. Ruggles and R. Ruggles, “The Anatomy 
of Earnings Behavior,” mimeo, Nat. Bur. 
Econ, Res. Conference on Research in 
Income and Wealth, May 1974. 

Bradley R. Schiller, ““Class Discrimination vs. 
Racial Discrimination,” Rev. Econ. Sta- 
tist., Aug. 1971, 53, 263-69. 

, stratified Opportunities: The Es- 

sence of the ‘Vicious Circle, ” Amer. J. 

Soc., Nov. 1970, 76, 426-42. 

, The Economics of Poverty and Dis- 
crimination, 2d ed., Englewood Cliffs 
1976. 

T. P. Schultz, ““Long-Term Change in Per- 
sonal Income Distribution: Theoretical 
Approaches, Evidence and  Explana- 
tions,’ RAND, Santa Monica 1972. 

J.D. Smith and J. M. Morgan, “Variability of 
Economic Well-Being and its Determi- 
nants,” Amer. Econ. Rev. Proc., May 
1970, 60, 286-95. 

A. B. Sorenson, “Growth in Occupational 
Achievement: Social Mobility or Invest- 
ment in Human Capital,” in Kenneth 
Land and Seymour Spilerman, eds., 
Social Indicator Models, New Y ork 1975. 











VOL. 67 NO. 5 


Lee Soltow, Six Papers on the Size Distribu- 
tion of Wealth and Income, New York 
1969. 

P. Taubman, “Schooling, Ability, Non- 
Pecuniary Rewards, Socioeconomic 
Background and the Lifetime Distribu- 
tion of Earnings,” Nat. Bur. Econ. Res. 
work. paper no. 17, New York 1973. 

Lester C. Thurow, Generating Inequality, New 
York 1975. 

and R. Lucas, “The American Distri- 
bution of Income: A Structural Problem” 
study for the Joint Economic Committee, 
U.S.Congress, Washington Mar. 17, 1972. 

H. M. Wachtel, and C. Betsey, “Low Wage 
Workers and the Dual Labor Market: An 





SCHILLER: EARNINGS MOBILITY | 94] 


Empirical Investigation,” Rev. Black 
Polit. Econ., Spring 1975, 5, 288-301. 

M. Wachter, “Primary and Secondary Labor 
Markets: A Critique of the Dual Ap- 
proach,” Brookings Papers, Washington 
1974, 3, 637-93. 

D. A. Wise, “Personal Attributes, Job Per- 
formance, and Probability of Promo- 
tion,” Econometrica, Nov. 1975, 43, 
913-32. 

U.S. Department of Commerce, Bureau of Eco- 
nomic Analysis, “Regional Work Force 
Characteristics and Migration Data: a 
Handbook on The Social Security Ad- 
ministration’s Continuous Work History 
Sample,” Washington 1977. 


How Far Can We Push the “Law of One Price”? 


By PETER ISARp* 


Students exposed to the pure theory of 
international trade nave been seduced by 
visions of an imag:nary world with few 
goods, each typically produced by several 
countries but nevertheless homogeneous. In 
the assumed absence of transport costs and 
trade restrictions, perfect commodity ar- 
bitrage insures that each good is uniformly 
priced (in common currency units) through- 
out the world—the “law of one price” pre- 
vails. 

In reality the law of one price is flagrantly 
and systematically violated by empirical 
data. This paper presents evidence that ex- 
change rate changes substantially alter the 
relative dollar-equivalent prices of the most 
narrowly defined domestic and foreign 
manufactured goods for which prices can 
readily be matched. Moreover, these rela- 
tive price effects seem to persist for at least 
several years and cannot be shrugged off as 
transitory. In other words, for manufac- 
tured goods selected from the most disag- 
gregated commodity lists for which U.S. 
and foreign prices can be matched, the 
products of different countries exhibit rela- 
tive price behavior which marks them as 
differentiated products, rather than near- 
perfect substitutes. 

To clarify discussion it is useful to dis- 
tinguish two contexts in which the law of 
one price is valid frcm a third context in 
which the law of one price does not hold. 
First, in a compariscn of U.S., European, 
and Japanese prices cf various well-defined 
steel items (plate, galvanized sheet, cold- 
rolled sheet, and hot-rolled sheet) c.i.f. for 
delivery in a common port, Laurence 
Rosenberg found tha: relative dollar prices 
charged by different countries were fairly 


*Division of International Finance, Board of Gover- 
nors of the Federal Reserve System. The opinions ex- 
pressed herein do not necessarily represent the views of 
the Federal Reserve System. I am grateful to Lance W. 
Girton, Peter Hooper, and Jeffrey R. Shafer for help- 
ful discussions. 


constant over time and were not signifi- 
cantly affected by exchange rate realign- 
ments. The dollar prices of primary com- 
miodities are also generally considered to be 
fairly independent of country of origin.! 
These are cases in which the products of 
different countries are close to identical, or 
near-perfect substitutes, so that any price 
disparities would be rapidly eliminated by 
commodity arbitrage. Second, in the ab- 
sence of restrictions on commodity arbi- 
trage, a product of any single country sold 
competitively in two different markets (for- 
eign or domestic) would also obey the law 
of one price in the sense that its dollar- 
equivalent prices in the two markets could 
not differ by more than the cost of transpor- 
tation between these markets. 3 

Many U.S. manufactured goods do not 
have near-perfect substitutes on the lists of 
products manufactured abroad, however, 
and in this third context the law of one price 
is denied as an empirical proposition. Agri- 
cultural tilling machinery produced in the 
United States, for example, is apparently 
not a close substitute for agricultural tilling 
machinery produced in Germany. More 
generally, the most disaggregated groupings 
of manufactured goods for which both U.S. 
and German prices are readily available are 
dominated by products for which German 
dollar price indexes diverge over time from 
U.S. dollar price indexes? in a manner that 
is strongly correlated with exchange rate 
movements. This divergence is evident in 
comparisons of U.S. wholesale transactions 
prices and German export transactions 
prices for various 2- and 3-digit sectors of 
the WPI industry breakdown (Section J), 


IThis may not be the case when sellers of primary 
commodities have monopoly power and/or enter into 
long-term marketing agreements with their customers, 
as do U.S. copper producers, for example. 

2This divergence should come as no surprise to any- 


_ one familiar with the work of Irving Kravis and 
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in comparisons of U.S. and German export 
transactions prices for various 4- and 5-digit 
SITC machinery categories (Section II), and 
in comparisons of U.S. export unit values 
with unit values of U.S. imports from 
Canada, Germany, and Japan for various 
7-digit Schedule A and B commodity 
groups (Section III). 

The denial of the law of one price in this 
context—at the most disaggregated product 
level for which price data can be readily 
matched—provides a strong presumption 
that it is impossible to assemble available 
data into aggregate price indexes which 
can be expected to obey the law of one price 
(except, perhaps, when product coverage is 
restricted to primary commodities). Ob- 
versely, the notion that aggregate indexes of 
export or tradeable-goods prices will exhibit 
purchasing power parity—that is, that rela- 
tive home currency prices of different coun- 
tries will stay in line with exchange rates— 
cannot validly lean on the law of one price 
for support. 


I. Comparative Movements of U.S. and 
German Industrial Prices 


The adjustment mechanism alleged to 
police the law of one price is commodity 
arbitrage. Under free trade, if products 
were marketed competitively, commodity 
arbitrage would prevent disparities between 
the f.o.b. transactions prices associated with 
export and domestic sales of the same prod- 
uct—that is, export and wholesale transac- 
tions prices would be equal f.o.b. Interna- 
tional tests of the law of one price would be 
insensitive to whether the comparisons were 
between international wholesale prices, ex- 
port prices, or a mix of both. 

Discriminating monopolies and tariffs, 
subsidies, or other trade restrictions create 
disparities between export and wholesale 
prices. Provided that trade restrictions do 
not change substantially during the data pe- 
riod, however, international comparisons of 
any mix of export and wholesale prices can 
validly test the law of one price by focussing 
on whether any initial disparities change 
substantially over time. Evidence that dis- 
parities between the common currency 
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prices of different countries are system- 
atically correlated with exchange rates, 
rather than randomly fluctuating over time, 
is a strong denial of the law of one price 
for the products being compared. 

The United States, Germany, and Japan 
publish data on export transactions prices. 
The coverage of U.S. data is restricted 
mainly to various 4- and 5-digit SITC 
machinery items, collected only once a year 
(in June) prior to 1974 and four times a year 
beginning in 1974. German and Japanese 
data are available monthly for a broad list 
of items; but for many items Japanese prices 
are sticky. These considerations have led us 
to first compare monthly time-series of U.S. 
wholesale prices and German export prices 
for a variety of industries over the 1968-75 
period, and to then compare June data cn 
U.S. and German export prices for various 
machinery categories over the 1970-75 
period.’ 

The first set of industry price compari- 
sons is described by Figure 1 and Tables 1 
and 2. The exchange rate is measured in 
dollars per mark (1970 = 100),* and rela- 
tive price indexes are German mark prices 
multiplied by the exchange rate and divided 
by U.S. dollar prices (and then converted io 
1970 = 100). The figure presents strong evi- 
dence that relative dollar prices of apparel 
and paper products have not fluctuated 
about constant levels during the eight-year 
data period under examination, but rather 
have been influenced heavily by exchanze 
rate movements. Interpreted casually, the 
figure suggests that the relative price of ap- 
parel is explained almost entirely by the 


3The first comparison extends a similar study of the 
1968-73 period, which I have described elsewhere. 
This comparison focuses on 2- and 3-digit sectors of 
the 8-digit WPI industry breakdown, and does rot 
consider the most narrowly defined industries for 
which price comparison is possible. The comparisons 
of machinery export prices (Section IT) and U.S. im- 
port and export unit values (Section II), however, are 
restricted to the most narrowly defined products for 
which such prices can readily be compared. 

4For December 1968-September 1969 the exchange 
rate is set 4 percent above the actual spot rate to reflect 
the effective exchange rate for German exports under 
the 4 percent export tax levied between late November 
1968 and the mark revaluation in October 1969. 
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TABLE J--PERCENTAGE CHANGES IN EXCHANGE RATES AND RELATIVE DOLLAR PRICE INDEXES 
BETWEEN SELECTED PERIODS 


Jar.—Mar. June-~Aug. Feb.-Apr. July-Sept. Aug.-Oct. Aug.-Oct. Feb.-Apr. Jan.-Mar. 


1968 1969 1971 >- 1972 1973 1974 1975 1968 
to to to to to to to to 
June-Aug. Feb.-Apr. July-Sept. Aug.-Oct. Aug.-Oct. Feb.-Apr. Oct-Dec. Oct.—Dec. 
1969 1971 1972 1973 1974 1975 1975 1975 
Exchange rate 
(dollars/mark) 4,07 5.85 14.14 31.33 —7.70 12.11 —9.90 53.94 
German dollar price/ 

U.S. price 
Apparel 4.57 6.15 16.73 36.26 —10.52 13.61 —8.47 64.29 
Industrial chemicals 6.17 3.36 9.91 43.92 —15.01  —13.47  —16.04 7.18 
Agricultural 

chemicals 8.39 -4.5 - 9,02 37.36 14.37 -—10.26 -27.05 16.06 
Plastic materials 10.73 10.90 14.93 28.96 ~20.23 —10.13 —-Ii3.11 13.37 
Paper products 2.08 0.86 9.35 23.57 ~14.12 13.92 —12.00 19.78 
Metalworking 

machinery 10.68 20.66 14.23 33,52 ~— 14.98 11.08  —12.04 69.18 
Electr:cal industrial 

equipment 5.36 7.85 15.04 34.08 5.06 8.88 —11.85 59.71 
Home elecironic 

equipment 10.99 8.07 10.87 38.32 — 5.68 12.69 —§,22 77.51 
Glass products —0.47 —3.66 19,54 38.97 ~11,61 4,44 —13.26 27,55 





Source: U.S. price data are from U.S. Department of Labor, Monthly Labor Review. German price data are from 
Statistisches Bundesamt. A detailed data appendix is available from the author upon request. 
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TABLE 2—CUMULATIVE PERCENTAGE CHANGES IN EXCHANGE RATES 
AND RELATIVE DOLLAR PRICE INDEXES 
Jan.—-Mar. 
1968 to 
June-Aug. Feb.-Apr. July-Sept. Aug—Oct. Aug.-Oct Feb.-Apr. Oct—Dec. 
1969 1971 1972 1973 1974 1975 1975 

Exchange rate 

(dollars/mark) 4.06 10.16 25.73 65.13 52.41 70.86 53.94 
German dollar price/ 

U.S. price 

Apparel 4,57 11,00 29.57 76.55 57.98 79.49 64.29 

Industrial chemicals 6.17 9.73 20.61 73.58 47,53 27.66 7.18 

Agricultural chemicals 8.39 3.50 12.83 54.99 77.27 59.09 16.06 

Plastic materials 10.73 22.79 41.13 82.00 45.18 30.48 13.37 

Paper products 2.08 2.96 12.59 39.14 19.49 36.12 19.78 

Metalworking machinery 10.68 33,55 52.56 103.69 73.16 92.34 69.18 

Electrical industrial 

equipment 5.36 13.63 30.72 75.26 66.40 81.17 59.71 
Home electronic 
equipment 10.99 19.95 33.00 83.96 73.50 95.53 77.51 
Glass products —0,47 —4.11 14.63 59.30 40.80 47.05 27.55 


Source: See Table 1. 


exchange rate, whereas the relative price of 
paper products adjusts almost entirely to 
exchange rate changes in the short run while 
moving back slowly toward its initial level 
over time. 

In Tables 1 and 2 we have selected 8 
three-month periods during which the ex- 
change rate was fairly stable. Table 1 com- 
pares movements in exchange rates and 
relative prices during the successive inter- 
vals between these 8 periods, while Table 2 
shows cumulative changes. The first interval 
in Table | starts at the beginning of the data 
period and ends just prior to the German 
revaluation in October 1969. The second 
interval includes this revaluation and ends 
just prior to the start of the German float 
in May 1971. The third interval spans the 
German float, the Smithsonian Agreement 
in December 1971, and the three quarters 
following the Smithsonian. This interval 
ends prior to the early signs of the pressures 
that brought the realignment in February 
1973. The fourth interval includes the re- 
alignments of first-quarter 1973 and the 
floating period thereafter, ending when the 
mark was at its peak in summer 1973. The 
fifth interval ends a year later, after the 
mark had fallen to a trough in January 
1974, risen to a new peak in May, and then 


depreciated to a summer 1974 trough. The 
sixth interval ends with the mark at its 
next peak in spring 1975. The seventh in- 
terval spans the dollar appreciation in the 
second half of 1975. 

For most of these intervals, changes in 
the exchange rate are paralleled fairly 
closely by movements in five of the nine . 
relative price indexes—-those for apparel, 
metalworking machinery, electrical indus- 
trial equipment, home electronic equip- 
ment, and glass products—although relative 
prices of metalworking machinery and 
home electronic equipment show “unex- 
plained” upward shifts in the first two in- 
tervals while the relative price of glass prod- 
ucts shows unexplained downward shifts. 
The relative price of paper products moves 
up proportionately less (or down propor- 
tionately more) than the exchange rate in 
six out of seven intervals; while relative’ 
prices of industrial chemicals, agricultural 
chemicals, and plastic materials parallel ex- 
change rates fairly closely for the first half 
of the sample period and then fall sharply 
during the second half. 

The conclusions drawn from this infor- 
mal analysis are 1) that exchange rate move- 
ments are associated with substantial short- 
run changes in relative dollar price indexes 
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TABLE 3—EXCHANGE RATES AND RELATIVE EXPORT PRICE INDEXES 


FOR SELECTED MACHINERY CATEGORIES? 


German Dollar Price/ U.S. Dollar Price 


Internal Agricultural 
Exchange Combustion Tilling 
Rate Engines Machinery 

June 1970 100 100 100 
June 1971 103.4 104.1 108.9 
June 1972 114.6 119.8 116.6 
June 1973 140.9 155.5 136.2 
June 1974 143.9 147.7 138.1 
June 1975 155.2 148.1 122.5 


Office 

Calculating Metalworking _ Forklift 

Machines Machinery Pumps Trucks 

100 100 100 100 
110.3 110.4 106.2 111.1 
114.4 125.2 121.2 125.6 
139.3 153.8 144.7 159.7 
146.0 144.3 151.7 145.1 
147.7 141.8 139.3 139.1 


Source: U.S. price data are from U.S. Department of Labor, U.S. Export and Import Price Indexes. German data 


are from source listed under Table 1, 
41970 = 100. 


for all industrial categories considered here, 
and 2) that in most cases a major share of 
the short-run relative price change persists 
for at least several years, Careful econo- 
metric studies of data for a longer sample 
period might indeed find that the relative 
price changes associated with any particular 
exchange rate movement are completely off- 
set over long periods of time. But in reality 
exchange rates are rarely stable over long 
periods of time. Thus, for practical pur- 
poses, products at this level of disaggre- 
gation are not sufficiently close substitutes 
to preclude substantial and‘ persistant 
changes in relative common currency prices. 


II. Comparative Movements of U.S. and German 
Export Prices for Selected Machinery Categories 


The U.S. and German export transac- 
tions prices for various 4- and 5-digit SITC 
machinery categories allow relative price 
comparisons at a finer level of commodity 
disaggregation than the industry groups 
considered above. Prior to 1974, U.S. data 
were collected only cnce a year, in June. 
Table 3 compares relative prices for six ma- 
chinery categories with the exchange rate in 
June of each year during the 1970-75 pe- 
riod. The conclusions of the previous 
section extend to this finer level of disaggre- 
gation. Machinery items at the 4- and 
5-digit SITC level of Cisaggregation are not 
sufficiently close sukstitutes to preclude 


substantial and persistent changes in rela- 
tive common currency prices. 


III. Comparisons of U.S. Export Unit Values 
with Unit Values of U.S. Imports from Canada, 
Germany and Japan 


The U.S. export price data are available 
at a still finer level of product disaggrega- 
tion in the form of unit value indexes for 
7-digit Schedule B export commodities. 
These export unit values can be compared 
with 7-digit Schedule A import unit values 
for products distinguished by country of 


origin.>* Unlike the process of collecting: 


transactions price data, however, the pro- 
cess of collecting unit value information 
does not hold constant the mix of items 
within each commodity group whose prices 
are sampled. Thus, on the one hand, there 
is no strong presumption that the law of 
one price will be more evident in these unit 
value data than it is in the export and 


5The Schedule A and Schedule B classifications 
differ, but a reasonably close matching is possible at 
the 7-digit level. 

6It is not appropriate to dismiss this comparison on 
the grounds that countries rarely export the exact same 
products that they import. The relevant issue is 
whether products selected from disaggregated lists of 
U.S. manufactured goods have close (not exact) sub- 
stitutes on lists of goods manufactured abroad, and 
this is an empirical question which should be addressed 
in each of the few contexts for which matching data 
are available, 
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wholesale price data previously examined 
for less disaggregated commodity groups. 
But on the other hand, there is no presump- 
tion that shifts in commodity composition 
will generate “noise” in relative export and 
import unit values that is strongly corre- 
lated with exchange rate movements. 
Because our only access to these unit 
value data was by hand copying, we limited 
our sample size to five commodity groups 
and constructed unit values on a quarterly 
basis, rather than monthly, from first- 
quarter 1968 through first-quarter 1975. 
Our focus is on unit values of exports to 
all importing areas combined and unit 
values of imports from three selected coun- 
tries: Canada, Germany and Japan. The five 
commodity groups are soaps, tires (pneu- 
matic passenger car), wall paper, ceramic 
tile (floor and wall), and steel bars. Export 
unit values are generally f.a.s. at the U.S. 
port of export, based on the transactions 
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price, including inland freight, insurance 
and other charges incurred in placing the 
merchandise alongside the carrier at the 
U.S. port of exportation. Import unit values 
are c.i.f. beginning in 1974; prior to 1974 
c.i.f. values are not available and import 
value is defined generally as “the market 
value in the foreign country.” 

These unit value data fluctuate so errat- 
ically that it is difficult to reach any con- 
clusions about the law of one price by look- 
ing casually at plots analogous to Figure 1, 
or at information analogous to that pro- 
vided in Tables 1-3. Accordingly I have 
relied on regression analysis to determine if 
any part of the variation in ratios of import 
unit values to export unit values is related 
systematically to fluctuations in exchange 
rates. . 

The notation I have used is: 

t = index of quarterly time periods 
R, = ratio of U.S. import unit value by 


TABLE 4--REGRESSION RESULTS FOR HYPOTHESIS (1) 


ag ay 
Canada 
Tires —4.16 .0588 
{—.832) (1.16) 
Wallpaper —.406 O118 
— 462) (1.31) 
Steel bars 852 — 00292 
(.935) (—.312) 
Germany 
Soap 126 0938 
(.607) (2.35) 
Tires — .0828 0437 
(—.152) (2.72) 
Wallpaper 316 0264 
(.885) (2.21) 
Japan 
Soap —.582 15.49 
(-—.137) (1.12) 
Tires —.940 6.28 
(—2.90) (6.04) 
Wallpaper —.720 6.79 
—1.83) (5.30) 
Ceramic tile 0242 2.32 
(.0826) (2.43) 
Steel bars .183 1.39 
(.825) (1.95) 


Source: U.S. Department of Commerce. 


ay p R? DW. 
—.317 859.737 2.33 
(—1.15) (8.87) 
361 186 656 1.89 
(4.50) (1.00) 
A18 0930 553 1.94 
(4.82) (.494) 
—.791 .120 148 1.60 
(—1.35) (.641) 
—.142 .758 728 1.66 
(—.816) (6.15) 
~.0401 —.0974 163 1.96 
(—.223)  (—.518) 
921 .113 0674 1.87 
(.740) (.604) 
244 461 869 2.11 
(2.95) (2.75) 
1.07 .153 901 2.04 
(9.40) (8.17) 
428 125 693 1.74 
(4.99) (.665) 
148 508 672 2.42 
(2.71) (3.12) 


Note: Numbers in parentheses are t-values. Critical values for the one-tailed t-test 
are 1.71 (95 percent confidence) and 2.48 (99 percent confidence). 
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country of origin to U.S. export unit 
value, in period t 
exchange rate in period t: the U.S. 
dollar price of one unit of the cur- 
rency of the country of origin of U.S. 
imports 
D, = dummy variable: 0 from 1968 QI to 
1973 Q4; 1 from 1974 QI to 1975 QI 

where D, is introduced to adjust for the shift 
as of first-quarter 1974 in the method of 
valuing imports. 

The first regression hypothesis that we 
tested is 


Si 


(1) R, = ay + a,8, + aD, + 8, + pei 


which allows for first-order autocorrelation. 
We also tested the hypothesis 


(2) AR, = b, AS, + b, AD, + u, + Ou; 


which allows for a different pattern of serial 
correlation.’ In each case we used the 
Cochrane-Orcutt procedure. The empirical 
results argued in favor of hypothesis (1) on 
two counts: the Durbin-Watson statistics 
were closer to 2.0 for six out of eleven pairs 
of commodities and countries of origin,’ 
while corrected R? statistics were consis- 
tently higher.’ 

Table 4 presents the regression results 
for hypothesis (1). Ratios of German dollar 
prices to U.S. dollar prices and ratios of 
Japanese dollar prices to U.S. dollar prices 
are seen to be significantly and positively 
dependent on U.S. dollar prices of the mark 


7Other patterns of serial correlation are more diffi- 
cult to take into account and have been implicitly as- 
sumed not to exist. 

8Four of the fifteen pzirs were discarded because 
U.S. imports from the country of origin were zero or 
negligible, so that unit values could not be computed, 
in One or more quarters of the sample period. 

IIt is worth noting, however, that b; was judged to 
be significantly greater than zero with at least 95 per- 
cent confidence in five of the eleven estimates of equa- 
tion (2). 
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and yen, respectively, for almost all com- 


modity groups under consideration. A simi- 
lar finding does not emerge in the Canadian 
case, perhaps because the exchange rate be- 
tween the U.S. and Canadian dollars 
showed little variance and no abrupt 
changes during the sample period. The 
significance of exchange rate levels in the 
German and Japanese cases, however, sug- 
gests again that substantial changes in ex- 
change rates typically have substantial and 
persistent effects on the relative common 
currency prices of closely matched manu- 
factures produced in different countries. 
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Education and Screening 


By KENNETH I. WOLPIN* 


Since the advent. of the human capital 
concept, much attention has been devoted 
to the relationship between income and 
schooling. Their positive association is one 
of the most consistent empirical findings of 
the human capital literature. The conven- 
tional view, the productivity augmenting 
view, is that schooling enhances earnings 
via the production of marketable skills. But, 
recent theoretical arguments have sug- 
gested the possibility that schooling’s pri- 
vate monetary return may be information- 
‘ally based.’ In the most extreme form of 
this screening hypothesis, schooling serves 
only to identify those individuals who are 
more productive in the market, the proposi- 
tion being that an individual’s productivity 
is unaffected by the formal schooling pro- 
cess. 

The importance of these competing ex- 
planations relates to schooling’s implied 
social return. If schooling’s sole function is 
informational, its social product is deter- 
mined exclusively by the gain to productive 
rearrangements which are made feasible by 
the less imperfect ex ante knowledge of indi- 
vidual productivities. In the most extreme 
form of screening it is only the relationship 
between aggregate output and schooling’s 
informational content that determines, 
along with the resource cost of schooling, 
the socially optimal investment in school- 


*Department of economics and Institution for So- 
cial and Policy Studies, Yale University. This paper is 
a substantially revised version of part of my doctoral 
dissertation. fam greatly indebted to James P. Smith, 
Finis Welch, and Robert J. Willis for their advice and 
comments. I nevertheless retain sole responsibility for 
remaining errors. This research was funded, in part, 
by a dissertation grant from the Manpower Adminis- 
tration of the Department of Labor and through a pre- 
doctoral fellowship from the National Bureau of Eco- 
nomic Research. This paper is not an official NBER 
publication since it has not been reviewed by the 
Board of Directors, 

lFor a formal presentation of the argument see 
A. Michael Spence (1973) or Joseph Stiglitz. 


949 


ing. It is the value of this information from 
both a social and private perspective that 
is the focus of the first part of this paper. 
One component of schooling’s informa- 
tional return previously explored in the 
literature is that of job assignment. If indi- 
viduals differ in their capabilities according 
to the jobs they perform, and if substitu- 
tion of labor is imperfect between jobs, 
arms would maximize output only by some 
nonarbitrary assignment of workers to 
jobs? Aggregate output is therefore larger 
if workers can be identified and “‘assigned”’ 
to their most productive use. A second com- 
ponent concerns the notion that output at 
the firm level increases with the homo- 
geneity of the workforce, homogeneity 
which can only be obtained if workers can 
be categorized prior to employment.’ Yet, 
homogeneity itself is not relevant to the 
argument, since all that is necessary is for 
particular combinations of workers to pro- 
duce more than others. Indeed, there is an 
obvious similarity between this argument 
and that of job assignment. A third compo- 
nent, considered in this paper, concerns the 
direct effect of skill dispersion on factor 
demand and on the level of aggregate out- 
put. If inputs are of uncertain quality then 
not only may there be an intrafirm misallo- 
cation in terms of job assignment, but also 
an interfirm misallocation in the sense of 
ex post variations in the marginal product 
of identical inputs. The use of schooling as 
a screening device reduces both forms of 
inefficiency, although it is the latter that is 
emphasized here. More generally, in the 
following section, a static model of input 
demand is developed under conditions of 
imperfect information about the quality of 
inputs. Within that framework a private 


2See Kenneth Arrow, Spence (1974), or Stiglitz. 
3See Stiglitz. However, he offers no rigorous ratio- 
nale for the homogeneity argument. 
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and social rationale for screening is de- 
duced 4 

The point of the screening interpretation 
is that the private return to schooling may 
be generated without relying on the acquisi- 
tion of market related skills. The related 
empirical question concerns the extent to 
which productivity differentials are deter- 
mined by innate as cpposed to schooling- 
acquired attributes.. The difficulty in em- 
pirically disentangling the two views is 
fairly obvious. If productivity could be 
directly measured prior to employment, 
there would be no need for screening. Yet, 
to directly test the screening notion, pre- 
school measures of productivity are neces- 
sary. The fact that a researcher has what is 
believed to be a proxy for innate produc- 
tivity, or productivity prior to school com- 
pletion, cannot be used to provide evidence 
one way or the other unless it is assumed 
that this or better inZormation is unavail- 
able to firms. Therefore, in the second sec- 
tion of this paper, a different methodologi- 
cal approach is outlined and empirically 
implemented. It ‘is a test based upon the 
obvious differential return to the purchase 
of the screen by groups for whom the pur- 
chase is or is not necessary for productivity 
identification. Individuals who do not have 
to signal or identify their productivities to 
anyone else need not spend resources to ac- 
quire the signal. As between those of equal 
innate productivity, individuals from the 
unscreened group would obtain less school- 
ing than those from the screened group.’ I 
approximate the former group by nonpro- 


fessional self-employed workers and the ~ 


latter by nonprofessional salaried workers. 
The reason for this choice, its associated 


4The ‘private motivation refers to the firm’s gain 
from using the information. Ignored for the most part 
is the general equilibrium aspect of the problem, i.e., 
the motivation of individuals to acquire the character- 
istic upor. which firms screer, in particular, the greater 
incentive for the more productive.to purchase more 
schooling. We merely take as given those assumptions 
necessary to elicit that outcome {see Spence, 1973, 
1974). 

5John Riley’s formalization and extension of this 
argument concerning screened vs. unscreened groups 
(jobs) led me to reconsider and correct several points 
of a previous draft of this paper. 
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qualifications, the data source, and empiri- 
cal results are detailed in a later section. 


I. The Model 


A. The Demand for Inputs of > 
Uncertain Quality 


The stimulus for job market screening is 
derived from imperfect information about 
the quality of prospective employees. Work- 
ers must be selected from a population com- 
posed of individuals possessing a diverse 
set of productive attributes most, if not all, 
of which cannot be observed by firms prior 
to employment and possibly for some pe- 
riod after. More concretely, let &; = 
(ka, Ki2,..., Kin) be the ith individual’s vec- 
tor of productive attributes or skills where 
the total potential set consists of n different 
types, for example, technical knowledge, 
motivation, manual dexterity, so that for 
any single individual zero elements are not 
excluded. Schooling can be viewed as either 
augmenting the whole set or any particular 
subset of the skill vector and/or as a pre- 
dictor of the vector. It therefore does not 
itself enter as an element of the vector. 
Other potential information sources such 
as race, sex, previous market experience, 
and the like would be treated similarly. 

Corresponding to a job task or ‘“‘occupa- 
tion” there is assumed to exist a mapping 
of each individual’s combination of attri- 
butes into a unique skill index denoted by 
s;. Since different jobs may require, in a 
technological sense, different combinations 
of skills, and since individuals have differ- 
ent skill vectors, the skill index assigned to 
any particular individual will differ by occu- 
pation. Likewise for any given job the skill 
index will vary across individuals. 

To simplify the analysis we consider only 
a single occupation together with a homo- 
geneous nonlabor input. The production 
process within a firm is assumed to take the 
following form: 


(1) Y = F(S,K) 


where 
S = 415; = aggregate skill (index) 


N 
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= the number of individuals employed 
= a nonlabor input of homogeneous 

quality 
where F has the usual neoclassical proper- 
ties.° 

To capture the notion of imperfect infor- 
mation, it is assumed that firms have no 
a priori estimates of any single individual’s 
skill vector. Instead, it is assumed that for 
the population as a whole the probability 
distribution of the skill index is known with 
certainty. Further, the firm is viewed as 
drawing a random sample from the popula- 
tion, its decision variables being the num- 
ber of individuals to sample (Z) and the 
amount of the capital input (K) to pur- 
chase. Since, with respect to the labor in- 
put, the firm is concerned only with the 
sample skill méan it draws, its relevant fre- 
quency distribution can be approximated 


PN 
l 


by a normal variate. Therefore, letting F be, 


the obtained sample skill mean, its first two 
moments are u and o7/L where u and g’ 
are the known population moments. The 
firm receives S = SZ units of the aggregate 
skill index which is itself distributed with 
mean § = uL and variance V = LI 

Upon taking a second-order Taylor series 
approximation to the production function 
around the point (S, K), expected output is 
given by 


= l F(S, K) 
2) Y = F(S,K Sg l e 
(2) (SK) +5 ah 
2 pE 
= FE, K) +4 o gI FS, K) 
2 pu as? 


6For the extension to the multioccupation case, see 
my dissertation. The generalization assumes a different 
mapping of the skill vector for each occupation and a 
production process for the firm given by Y= F(S), 
Sz, ...., Sy, K}, where there are v occupations and 


where 
Li 
Sj = 2 Sij 


i=] 


is the aggregate level of the skill index from employing 
L; workers in the j th occupation. 

“TNote that increasing employment increases aggre- 
gate skill variance (V) even though the variance of the 
sample mean is reduced. There is not necessarily an 
absolute bias toward drawing large samples though 
there is one relative to a nonsampling framework. 
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More generally, expected output is charac- 
terized by 


(3) Y = #(5,K,R) 


where R = øg°/u (the variance-mean skill 
ratio for the population).® 

Now, the first effect attributable to the 
introduction of a heterogeneous workforce 
is a reduction in expected output at the 
original equilibrium input levels. An ex- 
pected profit-maximizing firm would always 
prefer to sample from a skill distribution 
characterized by lower variance.’ It does 
not follow, however, that such a firm would 
reduce its employment of labor the more 
heterogeneous it becomes. There are, in 
fact, several possibly countervailing effects 
of increased dispersion on labor demand. 

First, at the new lower level of expected 
output there is a pure substitution effect 
given by the impact of variance on the mar- 
ginal rate of substitution between labor and 
capital. Although one might expect firms to 
substitute away from an input whose qual- 
ity uncertainty has increased, this is not 
necessarily the case. It is possible that in- 
creasing the labor input reduces the adverse 
effect of variance proportionately more 
than does an equivalent increase in the non- 
labor input. The sign of the substitution 
effect is determined by this comparison. 
Moreover, this effect depends crucially 
upon third partial derivatives.!° The reason 
is quite simple. Since it is declining mar- 
ginal productivity that makes skill variance 
costly, the change in the rapidity with which 


8Note that with normality presumed, equation (3) is 
a description of any degree polynomial approximation 
to the expected ‘output function. 

This follows from the concavity assumption, since 
from anen (2), Bp = (1/2)5 F35 <0 where F5z = 
a? F(S, K)/aS? í 

l0The substitution effect is given by 





L do’ K do? PL Ëx 
where 
$. © 3 = = 
AT a ETT a Fg Fsg + SF y Fogg — SF 5 Fsg 
}, Px 


and epg is the elasticity of substitution between L and 
K, L being evaluated at §/u. 
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FIGURE | 


it declines as inputs are augmented must be 
relevant. It is not surprising then that the 
substitution effect shculd be more likely to 
favor the labor input the flatter the mar- 
ginal product curve Secomes, that is, the 
more positive or less negative is P F/ð S°. 
Figure 1 illustrates the optimal input 
reallocation when skill variance is intro- 
duced, in particular the case of a negative 
substitution effect. A corresponds to the 
position prior to the introduction of skill 
variance and B corresponds to the new 
equilibrium factor ratio established at the 
lower level of expected output (Y,) after 
introducing variance. There are, however, 
two further effects. The first is a direct pro- 
duction effect corresponding to a northward 
movement along the new expansion path in 
order to restore output to its previous level 
(Y,). This, together with the substitution 
effect, corresponds to the usual output con- 
stant substitution adjustment. Second, there 
is an induced production effect in response 
to a change in marginal expected cost after 
regaining the original output level. In Fig- 
ure 1, the direct effect is shown as a move- 
ment from B to C and the induced effect 
from C to D. Both are movements along 
the same expansion pazh and must be in op- 
posite directions with the net scale effect, 
that is, the output efect evaluated at B, 
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ambiguous in sign. Although, as depicted 
in Figure 1, the demand for labor is dimin- 
ished with the introduction of uncertainty, 
the demand for labor may rise if the sub- 
stitution effect favors labor and dominates 
the scale effect, which will generally reduce 
the use of all inputs. 


B. The Private and Social Value 
of Screening 


The role for screening devices is readily 
apparent from the fact that skill variance 
reduces expected profits. To illustrate, sup- 
pose there is a characteristic of individuals, 
schooling for example, which segments the 
total population into subgroups differing in 
their skill distribution parameters, u and 
o°. In particular, assume there to be only 
two groups, £, and £,, with respective 
means and variances g, 07, and uz, c2. The 
ex ante information concerning individual 
schooling attainment enables the expected 
profit-maximizing firm to sample indepen- 
dently from within each of the two groups. 
The firm thus makes its employment deci- 
sion with respect to the number of workers 
of each group to hire. Its obtained aggre- 
gate skill is S = 5,2, + 5,£, with expecta- 
tion S = uL, + gL, and variance V = 
o7L, zg ofL,. 

From equation (3), expected output be- 
comes 


2 2 
(4) ¥ = (aL y mp SE t óL K) 


mli + ml?’ 
It can be easily demonstrated that the de- 
mand for workers from the two groups will 


depend upon the degree to which their aver- 
age skill levels, and their variance-mean 


1! The net scale effect is determined by the sign of the 
following expression 


~dd/d (a Br Dai =| 








6 EP, &, EPx 


where A is marginal cost and EA/EP; is the elasticity 
of à with respect to P;. See the Appendix for deriva- 
tions, 

I2Notice that the lack of a covariance term implies 
that firms do not systematically differ in their sampling 
capability across schooling groups. 


to aaia. 
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skill ratios diverge. For a fixed labor input 
(L), substituting £,-type for E-type work- 
ers alters expected output according to 





(5) or L-I = (m ~ Hr) ®s 
+ HEL R, R) 
ç l 2) PR 


where R, = gi /m and R, = oż/m. Thus 
the demand for E, workers will increase 
more relative to that of E, workers the 
greater is their average skill level, the more 
homogeneous is their group, the greater is 
the marginal product of labor and the more 
rapidly it declines. 

It would appear that there has merely 
been a redistribution of income, that is, a 
change in the relative demand for different 
workers. However, the use of the screen 
reduces the effective heterogeneity of the 
workforce, and must therefore increase the 
firm’s expected output. If skill dispersion 
reduces labor demand, the use of the screen 
must in general increase the demand for 
both groups of labor.’* It is possible then 
for both groups to be better off even if 
schooling is not costless to acquire." 


13The reduction in the variance of the sample mean 
(V) follows from the assumption of independence in 
sampling from the two groups. Between-group vari- 
ance has simply been eliminated, and as long as 
Hy = H2, the firm faces less overall uncertainty about 
the quality of the labor input than it did before the use 
of the screening device. 

l4Fven if the opposite is true, a possibility not ruled 
out by the previous analysis, the demand for labor 
might still increase in the long run as new firms enter 
the industry. 7 

I5]t is an interesting, though tangential, implication 
of the model that workers of different groups need not 
be perfect substitutes when R; = R2. If the relative 
heterogeneity of the two groups differ, it is possible in 
equilibrium for the firm to employ some individuals 
from each group. However, the production function 
must be a polynomial (or approximated by a poly- 
nomial) of greater degree than a quadratic. The reason 
is simply that expected profit maximization requires 
that Pep <0, i.e., that the adverse effect of variance on 
expected output increase with the level of the variance 
itself. Along with this condition it is necessary that 
55 <0, i.e., that the marginal product of labor de- 
cline, and further that S*@ep@pp < (S Psr- Ër)? 
The proof of these propositions can be obtained from 
the author as part of a more detailed appendix. 
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The reduction in effective uncertainty 
concomitant with the information imparted 
by schooling necessarily has a positive ex- 
pected gross social value. Maximization of 
aggregate output requires the equalization of 
marginal products across firms. With a 
perfect screen (øf, of = 0), the fact that 
each firm employs the same number of 
workers from each group is sufficient for 
aggregate output to be maximized. With an 
imperfect screen (0f, oł, ~ 0), employment 
of the same number of workers by each firm 
will not be consistent with the socially op- 
timal distribution between firms since 
workers are heterogeneous within schooling 
groups. However, the screen reduces the 
expected variation in marginal products 
across firms, and thus will generally in- 
crease actual aggregate output. From a so- 
cial perspective, schooling may have a posi- . 
tive gross social product independent of. its 
productivity augmenting capacity. Whether 
or not there is too much screening or too 
little screening will depend not only upon 
the resource cost of schooling but also upon 
the cost of variance, ®,p.!78 


té Assume there to be N firms in the industry, each 
employing L workers. Using equation (2), actual out- 
put in the /th firm is 


l . 
Y; = F(uL, K) + 5 LF 583; — u)? 
and aggregate output is 
LY; = NF(uL, K) + 5 L? Fg Z(s; — uy? 


Since Fsg < 0, total product is maximized only where 
Z(s; — uy = 0, i.e., where 5; = y for all i = 1, ...., N. 
Thus, output is maximized where each firm employs 
the same level of skill, S = uL, and therefore, where 
each firm’s marginal product of skill is the same. 

17A general equilibrium model of self-fulfilling 
prophesies as found in Spence is much more compli- 
cated in the context of this model due both to the gen- 
erality of the production relationship and the sampling 
framework. I therefore provide no formal proof for the 
statement in the text that the private return to screen- 
ing may fall short of the social return. Consider, how- 
ever, the following intuitive explanation. Suppose that 
there are only two types of individuals in society with 
respect to their skill endowments. Further, assume that 
wages are “‘set”’ in such a way that the two groups dis- 
tinguish themselves by the more productive group pur- 
chasing a positive amount of schooling. Schooling is a 
perfect screen by our definition, since within schooling 
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H. Empirical Implications and Tests 
of the Screening Hypothesis 


The point of the preceeding section was 
that any assessment of the social profitabil- 
ity of a screening device must encompass 
not only its direct contribution to output 
via the production of human capital, but 
also its contribution tə output via the pro- 
duction of information. Even if the screen is 
highly productive in tne first sense, univer- 
sal acquisition might not maximize aggre- 
gate output if the social cost of identification 
in terms of resource allocation is sufficiently 
great. Nor if the information is highly valu- 
able might zero investment in the screen be 
desirable even if the screen is not causally 
related to productivity. 





group dispersions are zero. From a social perspective, 
however, whether or not a perfect screen is warranted 
depends not only upon the cost of schooling in terms 
of resource, use, but also upon the aggregate output 
gain from identification. I: appears that the social 
value of schooling could be such that either no screen- 
ing or full screening is optimal since the latter benefit 
may or may not be large. If the story is changed 
slightly so that from the private incentive no screening 
occurs, say, because the private cost of schooling is 
very great, the extent to which screening should take 
place from a social view will depend, as before, also 
upon the output cost of skill variance. It thus seems 
possible for too little screeniag to occur. The problem, 
of course, is that I have not :ntegrated wage formation 
(and thus the private demard for schooling) into the 
model and so these conclusions are only tentative. 
Stiglitz does demonstrate the possibilities for either an 
over- or underinvestment in the screen, however, in a 
model which ignores factor demand considerations. 

8If we add the possibility that schooling augments 
productivities as well, the socially optimal schooling 
decision becomes more difficult to characterize. How- 
ever, differentiating the equation for aggregate output 
given in fn. 16 with respect to the average level of 
skill in the population yields 


dZY,; 


= NLF¢+ lp Feeg B5; - p)? 
du 2 


1.5. a(2(5;—#)*) 
2 hee iiie 
+ 5 Fes du 


The first term reflects the drect output effect of the 
increased aggregate skill level of the population on 
aggregate output holding screening efficiency constant; 
the less rapidly the rate of change in the marginal 
product’s decline (the more positive is Faz), the less 
costly is any imperfection in the screen. The third effect 
reflects the change in screening efficiency accompany- 
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As applied to schooling, the basic em- 
pirical question is whether the observed 
schooling distribution of the population 
corresponds to the “efficient’’ distribution. 
To partially answer this question it is nec- 
essary to determine the extent to which 
schooling produces skills as opposed to 
identifying preexistent skills; a full answer 
would require knowledge as well of the out- 
put cost of input quality uncertainty. 

The focus of this section will be on em- 
pirical strategies aimed at isolating the 
innate productivity component of school- 
ing’s observed income return. The first 
approach, the earnings-profile approach, 
attempts to extract evidence from the 
schooling-earnings relationship directly. 
The second approach is a comparison of the 
schooling decisions of individuals classified 
into screened and unscreened groups. 


A. The Earnings-Profile Approach 


The fact that screening arises because of 
imperfect information about productive 
capabilities prior to hiring implies that 
earnings should more nearly reflect actual 
productivities through time as employers 
learn from direct observation of worker 
performance. As long as schooling is itself 
not a perfect screen, the variance in earn- 
ings should increase over the life cycle 
within any given schooling group. Notice, 
however, that the covariance between earn- 
ings and schooling would remain constant 
if, as in most screening models, schooling 
accurately predicts the productivity of the 
average worker. It is also obvious that the 
simple correlation between earning and 
schooling would decline while a schooling 
regression coefficient from a simple regres- 
sion of schooling on earnings would be 
constant over the life cycle. All of these re- 
sults, however, arise solely because of 
heterogeneity within schooling groups, a 





ing the rise in average skill. Therefore, the socially 
optimal investment in schooling depends upon both 
the direct impact of schooling on skill formation and 
its indirect impact on the magnitude of schooling’s 
informational content and its value. 
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fact which is consistent with either the pro- 
ductivity augmenting or screening view. 

A somewhat more sophisticated, though 
similar, approach is proposed by Richard 
Layard and George Psarcharopoulos. They 
argue that, with (measured) ability held 
constant, the schooling regression coeffi- 
cient from an earnings regression should de- 
cline over the life cycle if schooling is merely 
a screening device. Their theoretical justifi- 
cation relies on employers overassessing the 
average more-schooled worker, a supposi- 
tion which is inconsistent with equilibrium 
screening models. Yet, within the context of 
the model they propose, the schooling co- 
efficient could be observed to decline over 
the life cycle without relying on a dis- 
equilibrium assumption if the researcher 
had a better measure of innate productivity 
` than did the employer at the time of initial 
employment.” Indeed, if the researcher had 
a perfect measure of innate ability, the 
direct effect of schooling on productivity 
could be isolated from an earnings regres- 
` sion (containing both schooling and innate 
ability) performed after firms had become 
fully cognizant of individual productivities. 
But it cannot be appropriate to base a test 
of screening on a presumption that would 
eliminate the need for the screen, namely a 
perfect measure of preschool productivity. 
Further, an imperfect innate ability mea- 
sure can only be useful, and then only in 
establishing the existence of screening, if 
employers are assumed to be less informed 
than the researcher, for it is only then that 
the schooling coefficient must decline over 
the life cycle. Even ignoring these points, 
the possibility that schooling and ability are 
correlated with postschool human capital 
accumulation would confound any interpre- 
tation of those regression coefficients, and 
thus reduce the applicability of this ap- 
proach.” 


19What is necessary is that the covariance between 
the researcher’s measure of innate productivity and the 
firm’s assessment of actual productivity (reflected in 
earnings) increase through time as the firm observes 
worker performance, 

20In the empirical work of Paul Taubman and 
Terence Wales, cited by Layard and Psacharopoulos, 
both the coefficient on schooling and measured innate 
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B. A Comparison of Screened 
and Unscreened Groups 


The major implication of the screening 
model is that more schooling is privately 
purchased than would be the case if firms - 
could costlessly determine productivities 
prior to hiring. It therefore follows that if 
some iridividuals are employed in jobs in 
which it is possible to determine productiv- 
ity at small cost, those individuals should 
purchase less schooling than their equally 
skilled counterparts. As long as preschool 
productivity is a large component of post- 
school productivity, individuals who, for 
whatever reason, need not identify their 
productivities before employment have less 
incentive to acquire schooling. Therefore, 
for given innate productivity, the un- 
screened worker will acquire less schooling 
than the screened worker or, conversely, for 
given schooling, the unscreened worker will 
be of greater innate productivity, and thus 
have greater earnings than the screened 
worker.?! 

The problem in applying this test is that 
of identifying an unscreened group. One 
possible group consists of the self-employed 
since they at least need not demonstrate 
their capabilities to prospective employers. 
Of course, there may be others, for ex- 
ample, customers, who would provide the 
incentive for identification. Moreover, the 
self-employment decision is not necessarily 
made prior to school completion and those 
who ultimately become self-employed may 
hedge by purchasing schooling as insurance 
in the event they enter the salaried sector. 
A crude attempt is made to deal with these 


ability are seen to rise over the life cycle, a finding that 
can be interpreted as an on-the-job training effect. 
Unless the magnitude of this latter component is 
known by the researcher, running an earnings regres- 
sion even after full employee identification is acheived 
could lead to an erroneous conclusion concerning the 
validity of the screening hypothesis. 

21 These propositions are formally demonstrated by 
Riley within a signalling framework, The model as- 
sumes that the choice between the screened and un- 
screened job is endogenous, and thus that net dis- 
counted lifetime earnings are equalized for the two 
groups. 
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issues by considering only a subsample of 
the self-employed and salaried populations. 
Since we need to compare a group of self- 
employed workers whose product is of 
easily assessed quality to a group of salaried 
workers whose productivity is difficult to 
observe, we have limited attention to non- 
professional workers; the productivity of a 
self-employed doctor, for example, is no 
easier to assess than that of a salaried 
doctor. With respect to the rest of the pop- 
ulation, the basic assumption is that the 
quality of the products or services sold by 
the self-employed arz less costly to deter- 
mine than the quality of the labor input 
hired by firms. To partially correct for 
hedging, individuals were selected from 
those who were either self-employed or 
salaried throughout their observable work- 
ing life. In particular, using the NBER- 
Thorndike sample, only those whose first 
and last reported jobs (spanning over 
twenty years) were as self-employed were 
compared to a similarly stable class of 
salaried workers.” The argument is simply 
that those self-employed individuals were 
more certain of the:r future employment 
path, and therefore less likely to purchase 
schooling for motivations other than 
human capital investment. 

Descriptive statistics for the  self-em- 
ployed and salaried workers satisfying the 
previous criteria are given in Table 1. The 
difference in average schooling is .6 years 
which, given that all individuals in the 
sample are at least high school completers, 
implies that the self-employed acquired 
roughly 75 percent o? the amount of extra 
schooling acquired by the salaried workers.” 
If, as suggested by the ability measure, the 


22The NBER-Thorndike sample contains approxi- 
mately 5000 men who were air force pilot, navigator, 
and bombardier candidates in 1943. Each individual 
reported a complete job history between 1945 and 
1970. A more detailed deszription of the data may be 
found in the work of Taubman and Wales. 

23A frequency distribu:ion tells much the same 
story. Approximately 30 percent of the self-employed 
stopped after high school graduation, an additional 
42 percent had some colleg2, and 24 percent graduated 
from college. The figures for salaried individuals are 
23, 35, and 33 percent, respectively. 
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TABLE I-—-MEANS AND STANDARD DEVIATIONS 
OF SELECTED VARIABLE FOR SALARIED 
AND SELF-EMPLOYED WORKERS? 











Salaried Self-Employed 
Standard Standard 
Mean Deviation Mean Deviation 
Schooling 14.55 1.92 13.95 1.81 
Ability? —. 190 1.72 — .234 1.68 
Earnings 8869 6157 12355 10507 
Experience 10.98 8.52 11.23 9.31 


These figures are based on 3920 life cycle points for 
salaried workers and 463 for self-employed workers. 
The life cycle points are formed from observations on 
1099 and 157 individuals, respectively, Whether indi- 
viduals or life cycle points are used as the observa- 
tional unit is practically irrelevant in the case of 
schooling and ability, the two variables which have no 
life cycle variation. 

>The ability measure is a composite of seventeen 
separate tests conducted in 1943 and is supposed to 
approximate an 1Q-type test. 


two groups are of similar preschool pro- 
ductivity with the self-employed slightly 
less capable on average, and if the self-em- 
ployed vs. salaried comparison approxi- 
mates an unscreened vs. screened compari- 
son, the results suggest that schooling has 
only a minor screening function. If, instead 
of using the ability measure as an index of 
innate productivity, the earnings data are 
used for that purpose, the screening function 
takes on greater relevance. This follows 
from the fact that the two groups obtain 
about the same schooling even though the 
self-employed are more able as evidenced 
by their higher lifetime earnings. Since self- 
employment earnings most surely include a 
nonlabor component, the difference in 
labor earnings is exaggerated and at least 
the direction of the bias in this comparison 
is Clear. 

The validity of the actual test described 
above is clearly not free of subjective judge- 
ments. The choice of the self-employed as 
an unscreened group relative to salaried 
workers is not obvious and possibly other 
dichotomies would be more valuable to ex- 
plore. However, this kind of comparison 
appears to be a more fruitful approach than 
any of those previously suggested. 


oF % 


q 
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II. Conclusions 


The possibility that schooling performs 
some identification function with respect to 
initial capabilities 1s as difficult to deny as 
the proposition that schooling enhances 
those innate capabilities. The real issue con- 
cerns not the mere existence of one or the 
other effect, but the extent to which school- 
ing performs each of these roles. Equally 
important, however, is a determination of 
the social product of the information which 
schooling imparts due to its sorting func- 
tion. For, as | have attempted to demon- 
strate in the preceeding sections, the de- 
termination of optimal schooling levels 
viewed from a social perspective must in- 
corporate both of these sometimes conflict- 
ing considerations.” It is not clear that indi- 
viduals necessarily overinvest in schooling 
if it is only a screen, although the likelihood 
of this occurrence increases as preschool 
and postschool productivities converge. 
Thus, one would like to know the propor- 
tion of an individual’s productivity that is 
not schooling induced. 

The problem in performing the appro- 
priate calculation is that productivity is not 
easily measured. Even after firms have fully 
recognized individual differences so that 
earnings accurately reflect productivity, the 
researcher still has only an imperfect mea- 
sure of preschool productivity. Conclusions 
reached from approaches which make use 
of ability-based measures of innate pro- 
ductivity are inherently suspect. For this 
reason, a somewhat different methodology 
was adopted, namely a comparison of 
screened and unscreened groups. With some 
important qualifications, the fact that self- 
employed workers in nonprofessional occu- 
pations obtained about the same level of 
schooling as nonprofessional salaried 
workers was taken as evidence against a 
predominant screening interpretation. 


24Note that in the present model, the value of the 
_ information is itself a function of the degree to which 
ù schooling increases skills. 
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APPENDIX ` 


Consider the production function given 
by equation (1) in the text. First-order con- 
ditions for profit maximization are 


ert 


(Al) Y= ®(5,2,K),5 = uL,R = 0/p 
(A2) P, = 0%, 
(A3) Pk ai AD, 


(A4) A = Py = marginal cost 


where P; and Px are per unit input prices of 
labor and capital, respectively. Totally dif- 
ferentiating (Al) to (A3) with respect to ct 
and rewriting in matrix form 


0 db, x dd/r/de? 
(A5) | $ © zx || dL/de’ 
k By, er] \dK/do’ 
dY/do* — ğ, 
= - b,a? 
- Pko? 


The substitution effects, holding output 
constant at its lower level due to the in- 
creased variance, i.e., setting dY/do? — 





$ 2 = 0, are 
l dL Pia Pea 
A6 a tet L L Ke 
(A6) L doe aren | b, | 
l dK P2 Pea 
A7) =- = — jae eee 
(A7) K Jo QLELK | $, ee 


where a; is the cost share of the jth input 
and €,;x is the elasticity of substitution be- 
tween L and K. The net scale effect is found 
by solving for (d\/A)/do? with dY/doe? — 
$ 2= 0. 

With segmentation of the population 
into, say, two schooling groups with skill 
distribution parameters (,, o?) and (u3, 3), 
expected output becomes 


(A8) Y= 


2 2 
afuit: igk ae K) 


ay Ly + Mla’ 


where it is assumed that firms sample inde- 
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pendently’ within subpopulations. With 
factor employment fixed, Lı + Lı = Land 
K = K, the demand for group one workers 
is reflected in 





dY ðR 
A9) —~= — z+ — ®@ 
( dL, (u; — p2) Ps + aL, R 
L 
= (u; — 2)®y + o 
(R; — R) Ër 


where R, = of/p, and R, = oĝ/u,. There 
will, thus, be a greater demand for workers 
from more skilled and more homogeneous 
groups. 
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‘Trade as Aid: The Political Economy of 
Tariff Preferences for Developing Countries 


By RACHEL MCCULLOCH AND JOSE PINERA* 


The use of generalized and nonreciprocal 
tariff preferences favoring the manufac- 
tured exports of developing countries has 
gained wide support since the proposal was 
put before the first United Nations Confer- 
ence on Trade and Development in 1964. 
Most major developed countries had insti- 
tuted systems of preferential access by the 
early 1970’s. The United States, initially op- 
posed to the preference concept, finally 
passed legislation permitting establishment 
of its own preference scheme as part of the 
comprehensive Trade Reform Act of 1974. 
Despite important restrictions on product 
coverage, tariff preferences now constitute a 
significant feature of trading relations be- 
tween developed and less developed na- 
tions.’ 

This paper evaluates the use of tariff 
preferences to generate international re- 
source transfers. The analysis assumes the 
initial developed, country tariff is “ra- 
tional’ ——that it is designed to achieve a 
particular domestic policy objective. 
Motives for extending preferences are ex- 
plored in terms of an interdependent de- 
veloped country welfare function which 
includes as an argument the flow of re- 
sources to the developing world. The policy 
role of the initial tariff then helps to de- 
termine the cost of generating resource 
flows via preferences in comparison to 
other assistance channels. 

The effects of discriminatory tariff reduc- 
tion have been discussed extensively in the 
context of customs union. The traditional 
analysis emphasizes static efficiency gains 


*Harvard University and Catholic University of 
Chile, respectively. This research was supported in 
part by a grant from the National Science Foundation. 

l! Basic features of the major national schemes are 
outlined in the JMF Survey. On the significance of 
restrictions limiting preferential access, see Richard 
Cooper, McCulloch, and Tracy Murray. 
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and losses, which correspond to the now 
familiar concepts of “trade creation” and 
“trade diversion” first used by Jacob 
Viner.’ More recently, general equilibrium 
techniques have been applied to the analysis 
of customs union.? However, neither ap- 
proach seeks to relate the effects of customs 
union to the motive for the initial level of 
protection.’ The analysis thus fails to ex- 
plain why a country is initially away from 
free trade, or why it stops short of unilateral 
elimination of all tariffs. This criticism ap- 
plies equally to the analysis of tariff pref- 
erences; a logically consistent treatment 
must take into account the motive for pro- 
tection. In this paper we assume the initial 
tariff is rational in the sense that prior to 
some parameter shift the country enjoys 
maximum welfare as indicated by the inter- 
dependent social welfare function described 
below. The parameter shift—a change in 


2Key contributions include those of Viner, James 
Meade, Harry Johnson (1962), and Richard Lipsey. 
See Melvin Krauss for other references. 

3Lipsey extended Meade’s analysis to take account 
of large changes in tariff rates. Lipsey explicitly con- 
sidered three goods, thus allowing for relations of 
complementarity in consumption. Jaroslav Vanek and 
Murray Kemp have applied modern techniques of 
general equilibrium analysis to preferential trading. 
Also see Richard Caves. 

4C. A. Cooper and B. F. Massell (1965a,b) appear 
to have been the first to raise this objection in the con- 
text of customs union, although the use of tariffs to 
achieve noneconomic objectives was analyzed earlier 
by Johnson (1960). 

ŝIn analyzing the effects of preferential tariff cuts, 
most writers recognize possible gains through im- 
proved terms of trade with third countries. However, 
the question of whether the initial position represents 
an optimum nondiscriminatory tariff (i.e., one which 
extracts maximum gains from improved terms of trade 
for a single tariff on imports from all sources) is not 
usually raised. It should be noted that further terms 
of trade gains can accrue through tariff discrimination 
even when the initial tariff is “optimum” among non- 
discriminatory tariffs. This point is elaborated in Sec- 
tion III below. 
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the welfare function itself or in the possi- 
bilities for tradeoffs among its arguments— 
is seen as the stimulus for extension of tariff 
preferences. 

Since preferential access to developed 
country markets has been advocated as one 
of a number of measures designed to assist 
the development of poor nations, prefer- 
ences should be compared with other means 
of achieving development goals. In terms of 
these goals,- preferences favoring exports of 
manufactured goods have two principal ef- 
fects on developing economies. First, the 
resulting change in relative profitability in- 
duces reallocation of factors of production 
from traditional industries to manufactur- 
ing. Under plausible assumptions this sec- 
toral reallocation facilitates development.° 
However, quite apart from any longer term 
gain realized through reallocation of fac- 
tors between industries, preferences assist 
developing nations by making additional 
resources available to them. These addi- 
tional resources, the increase in foreign ex- 
change earnings less the cost of increased 
exports, can be viewed as a transfer from 
developed to developing countries, and thus 
_ comparable in some respects to aid in the 
form of grants or logens. This paper focuses 


Preferential tariff elimination is similar in its ef- 
fects tc a nondiscriminatery tariff accompanied by a 
subsidy to developing country manufactured exports, 
or, equivalently, a subsdy to developing country 
production and a tax on developing country consump- 
tion of manufactures, bott at the most favored nation 
(MFN ‘tariff rate. The conditions under which an ex- 
port or production subsicy for manufactures will re- 
sult in a welfare gain'for the developing countries and 
for the world as a whole aave been widely discussed. 
See Johnson (1965). 

In the case of present preference arrangements, the 
importance of “dynamic™ considerations is reduced 
by the limited time for which preferences are -to be 
extended—ten years in most cases—and the uncer- 
tainty surrounding ‘contizued preferential tréatment 
for any particular good or country within that period. 
For example, the U.S. scheme allows preferences to 
be discontinued without prior notice for a number of 
reasons, including the usual escape clause considera- 
tions (i.e., developing countries responding -too en- 
thusiastically to opportunities generated by prefer- 
ences). Also, eligibility cf goods produced in part 
from imported inputs depends on the value-added 
requirement, another parameter subject to change 
during the life of the system. See Johnson (1966) for 
further discussion of preferences as a transfer channel. 
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on the role of preferences in generating 
such transfers of resources to developing 
countries, the level of resource transfer— 
“aid” component—implied by a system of 
preferences, and the relative cost of trans- 
ferring resources via preferences rather than 
through other types of aid. 

In Section I of the paper, motives for the 
initial tariff and for extension of preferences 
are discussed in terms of the interdependent 
developed country social welfare function. 
Section II describes the effects: of prefer- 
ences when the initial tariff provides desired 
protection for a domestic import-competing 
industry. The case in which the initial tariff 
is “optimum” is presented in Section III. 


I. Motives for Protection and the 
Interdependent Social Welfare Function 


To formalize the ‘assumption that the 
initial tariff is consistent with rational gov- 
ernment behavior, we assume the developed 
country maximizes an interdependent social 
welfare function W with at least three argu- 
ments: 


W = W(ILN,T) 


The first argument:Z is real national income, 
which can be measured by the usual utility 
function approach; this is often the only 
argument in the implicit social welfare func- 
tion used by trade theorists. The second set 
of determinants of social welfare considered 
here and represented by N are ‘‘noneco- 
nomic” objectives such as the level of out- 
put, profits, or employment in a particular 
industry. Income distribution is likely to 
be among the noneconomic considerations 
if no cost free internal transfer mechanism 
exists.’ The third argument T measures the 
resource flow to the developing world, 
which can be viewed as a proxy for the re- 
sulting increase in real income or social 


welfare. The presence of T in the developed — 


7 Because both income and its distribution enter into 


W, an increase in national income as conventionally. 


measured (/) need not lead to an increase in W if the 
distributive consequences of the increment are associ- 
ated with a fallin N. In particular, the positive impact 
on / of a tariff reduction could be offset by negative 
effects on N. 


$ 
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country welfare function provides the 
necessary justification for policies which 
result in resource flows to developing coun- 
tries at the expense of reductions in J or N. 
Possible motives for the inclusion of aid 
flows in W range from genuine altruism— 
satisfaction derived from the well-being 
-of others—to the national defense con- 
siderations which appear to underlie much 
U.S. aid. There may also be the expecta- 
tion of some implicit compensation, such as 
more favorable treatment from raw mate- 
rial producers or a better climate for foreign 
private investment. Other variables could 
also be included in W; our approach is in- 
tended as illustrative and does not attempt 
to treat comprehensively all factors which 
may bear upon commercial policy deci- 
sions, 

Of course, no such explicit function is 
actually used in the formation of policy; 
adoption of new policies and retention or 
discontinuation of old policies reflect a far 
more complex reality. Nevertheless, policy- 
makers must continually weigh national in- 
come effects against compositional or dis- 
tributive consequences or foreign benefits 
against domestic costs to reach an overall 
judgment as to whether a particular change 
constitutes a welfare improvement in some 
relevant sense. While the simple welfare 
function used here obviously cannot cap- 
ture the full dynamics of the political 
process, it nonetheless provides a useful 
framework for analyzing tradeoffs between 
conflicting national objectives. 

The initial tariff is assumed to contribute 
to developed country welfare through its 
effects on J, N, and 7. Below we consider 
two specific possibilities: that the tariff pro- 
tects a desired level of production in a par- 
ticular industry (Section II); and that the 
tariff is an optimum tariff which increases 
real national income J through its effects on 
the terms of trade (Section III). Assuming 
that the initial values of the arguments 
yield a maximum value for W, the change 
of policy expressed in the decision to insti- 
tute preferences can be rationalized in two 
possible ways. The social welfare function 
- may itself have changed. The function W 
formalizes a process of weighing aid flows 
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against real income and the achievement of 
domestic goals; as the weights change, so do 
the social welfare-maximizing values of the 
arguments. Changed weights may reflect 
such diverse factors as increased public 
awareness of foreign poverty, heightened 
fear of political instability, and threats of 
raw material cartelization. A higher mar- 
ginal contribution of aid to social welfare 
will result in new aid flows at the expense 
of one or both of the other arguments in 
W. i 

A second reason for a policy shift may be 
seen in terms of the available “technology” 
for transformations among J, N, and T; 
that is, changes in the marginal real income 
cost of increasing N or T. For example, 
waivers recently obtained now make pref- 
erences favoring developing country ex- 
ports acceptable within the framework of 
the General Agreement on Tariffs and 
Trade (GATT). Previously such discrimina- 
tory arrangements were prohibited unless 
protected by a grandfather clause. Assum- 
ing that countries abide by GATT rules, the 
waiver changes the cost of providing a dol- 
lar of aid through preferences. Preferences 
may also be instituted in place of other aid 
channels, with total aid constant or Ge- 
creasing, if relative costs associated with 
these channels are changing over time. The 
present importance of preferences reflects 
both rising political costs for donor coun- 
tries of direct grant and loan aid along with 
an increased desire on the part of develop- 
ing nations to receive aid in the form of 
multilateral untied flows. 


II. Preferences and Protection of 
Domestic Industry 


Preferential trade generally makes addi- 
tional resources available to developing 
countries When the additional resources 
entail a tradeoff between J or N and T for 
the preference-granting country, these re- 


8This will be true as long as the supply of exports 
from developing countries is not infinitely elastic, On 
the relationship between benefits generated and de- 
veloping country supply conditions, see Richard 
Blackhurst (1971). 
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sources are here termed aid.’ The resource 
value of preferences z0 a beneficiary coun- 
try is the increase in export earnings less 
the social cost of increased exports. Pref- 


erence-generated aid in this sense will be. 


positive even when developing country 
supply elasticities are low or zero, as long as 
exporters receive a higher net price as a re- 
sult of the preferences.!? 

Figure | illustrates the effects of tariff 
preferences in a world of three countries (or 
trading blocs). A nondiscriminatory tariff is 
initially used by Northwest (NW) to main- 
tain a desired level of import-competing 
production.'' NW now grants preferences 


°This definition implies that any move toward free 
trade results in aid. Since the original tariff places the 
protecting country in a position preferred to free trade, 


movements away from that position motivated by 


their presumed effect upor welfare in the developing 
countries are appropriately viewed as aid. However, 
the orig:nal tariff may not be superior to discrimina- 
tory trade, even in terms cf / alone. Thus, there need 
not be z tradeoff between / or N and T. In this case, 


both the preference-granting and the preference- ` 


receiving countries can gain, so that the resource trans- 
fer to the latter does not coastitute aid, This possibility 
is analyzed in Section II. 

This condition will be satisfied if export markets 
are competitive. However, some observers fear that 
powerful multinational traders will be able to capture 
the entire margin between developing country cost and 
developed market price. 

'l Use of a tariff is taken to indicate that it is pre- 
ferred by policymakers to a direct subsidy for this 


to South (S) while maintaining the initial 


tariff rate on its trade with Northeast 
(NE). For simplicity, it is assumed that 


the price of imports from NE does not de- - 
` pend on the level of NW ’s purchases.” This 


would be true if production in NE were sub- 
ject to constant costs, or if NW’s imports 
were small relative to total NE production. 
Markets are assumed to be competitive. 

In Figure 1b, Dyw shows NW ’s net de- 
mand for imports from both sources. For 
each price Pyy, 


Dyw(Pyw) = D(Pyw) — X (Prw) 


where D and X are domestic demand and 
supply in NW, shown in Figure la.. The 
schedules Myg and Myg show the free 
trade and tariff inclusive supply to NW of 
imports from NE; the tariff rate on im- 
ports from NE is (P\w — Pye)/Pve. The 
level of NW’s demand for imports from S$ 
is then given: by P\wEDyy. which indi- 
cates that S can sell up to M° at a tariff 
inclusive price of P\w, and larger amounts 
at correspondingly lower prices. The sched- 
ules Ms and M$ show the free trade and 





purpose. For a discussion of disbursement costs and 
other considerations which may promote the choice 
of a tariff over a direct subsidy, see W. M. Corden. 
12This model draws on Johnson (1962), Blackhurst 
(1972), and.Cooper and Massell (1965b). 
\3This assumption is relaxed in Section III. 
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tariff inclusive supply of exports to NW 
from S. Prior to extension of preferences, 
NW imports a total of M? = C° — X°, of 
which M$ is provided by S. 

After preferences are instituted by NW, 
imports from S are allowed tariff free entry, 


while the original tariff is maintained on im- 


ports from NE. As a result, NW’s imports 
from S increase to Ms, completely dis- 
placing NW’s imports from NE." Prefer- 
ences reduce the domestic price to Phy, 
increase consumption by Me = C! — C°’, 
and decrease import-competing production 
by My = X? — X'. Aid to S is the differ- 
ence between the increase in export receipts 
and the increase in export costs: 
M! 
1 1 0 0 s 
PsMs; — PsMs — f PsdMs 
Md 


If demand and supply curves are linear, 
this becomes 


A PsM3S + 1/2APs(My + Mc + Miz) 


corresponding to the area PywFKPyg in 
Figure 1b. The net reduction in NW’s real 
Income is 
A PsM3 + APsMYe 
+ 1/2APyy (My + Mc) 
which corresponds to the area 
PywLKPyg + LGJK — EFG 


in Figure 1b. Because of the assumed in- 
finitely elastic supply of imports from NE, 
NE’s welfare is unaffected.’ 

The gain to S less the real income cost to 
NW is 


—1/2APyw(My + Mc) + APs(My + Mo) 
— 1/2APs(My + Mc + M%g) 


(APyy < 0) 


14Complete elimination of exports from NE follows 
from the assumption of an infinitely elastic supply 
ofimports from NE at a tariff inclusive price above 
Pry: 
'SThe loss of tariff revenue is not considered in this 
calculation. If use of substitute revenue sources re- 
sults in further reductions in /, these should also be 
included here. 

l6Costs of transitional adjustment are not taken 
into account. See articles by Stephen Magee and 
Malcolm Bale for estimates of trade adjustment costs 
for the United States. 
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which corresponds to the area 
EFG + GFNJ — KFN = EFH — HJK 


in Figure 1b. EFH measures the efficiency 
gain to NW from expansion of the total 
imports plus the producer’s surplus in S 
associated with production of those addi- 
tional imports, while HJK measures the in- 
creased real cost of production incurred 
when imports from § are substituted for 
lower cost units originally supplied by NE. 
In the case illustrated by Figure 1, the net 
impact of these effects is positive; the gain 
to S outweighs the real income foregone by 
NW. The analysis thus implies that it may, 
in effect, cost NW less than $1 to grant $1 
in aid to S via preferences!” when prefer- 
ences represent the only available means of 
reducing tariffs. In this instance, prefer- 
ences can be more efficient than direct 
grants or loans as a means of transferring 
resources to developing countries. 

However, the discussion has not yet 
taken into account the motive for the ini- 
tial level of protection. Because the original 
tariff policy achieved some domestic goal— 
here, the maintenance of a desired level of 
output in the import-competing industry— 
the analysis overstates the gain from prefer- 
ences by ignoring the reduction in NW 
welfare resulting from lower production in 
that industry. In terms of the function W, 
the analysis has looked only at effects on J 
and T, omitting from consideration the in- 
duced change in N. To emphasize the im- 
portance of the omission, we reformulate 
the analysis taking X°, the original level of 
import-competing production in NW as 
given, and consider the results of institut- 


17This measures the average cost of the total trans- 
fer, using a preferential tariff of zero. However, as 
Lipsey and others have noted, a partial preference is 
more likely to increase world income; in terms of the 
discussion. here, the ratio of marginal aid to marginal 
cost incurred by NW falls as the degree of preference 
is increased. However, the lower is the preferential 
margin, the smaller the resource transfer to S. This 
suggests that to produce a given level of resource 
transfer, partial tariff preferences for many products 
are superior to complete exemption from tariffs for a 
few products. See Pinera. 

18Such a simplification would be consistent with a 
W function which places great weight on incremental 
import-competing production up to the level X°, with 
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ing tariff preferences in such a way as to 
continue the same level of protection for 
the domestic industry. The requirement that 
X remain fixed implies that Pyy, C, and 
total imports also remain unchanged. This 
in turn means that only trade diversion can 
result from provision of tariff preferences. 

Depending on supply and demand condi- 
tions and the height of the initial tariff, 
duty free entry into NW of imports from S 
may allow preferred imports to exactly dis- 
place imports from NE, to replace only a 
fraction of NE imports, or to exceed the 
previous level of total imports (as in Figure 
lb). In the first case, My + Mc = 0; Pyw, 
X, and C are unaffected. Then AP; = Phy — 
P$, so that resulting aid to S is 


AT = APsM% + 1/2APsMie 


and the cost in foregone real income to NW 
is 


AI = APM? + APsM xe 


Thus, conventionally measured world in- 
come falls by 1/2 PsMy-. Whether NW’s 
social welfare rises or falls as a result of the 
preference scheme depends on the specific 
form of the W function. If W rises, the 
preference scheme increases world welfare 
despite the decline in world real income as 
usually measured, a r2sult which reflects a 
high (marginal) cost of grant aid. For the 
second case, incomplete trade diversion, the 
analysis is similar. Again, world income as 
measured must fall. l 

The most interesting case is that in which 
duty free imports from § would exceed the 
previous level of total :mports, as illustrated 
in Figure 1b. This is inconsistent with the 
assumed domestic objective of maintaining 
production at X°. However, NW could con- 
tinue protection of the domestic industry at 
the previous level by allowing S a partial 


further increases producing little change in W. This 


somewhat inelegant discontinuity substantially simpli- 
fies the analysis, permitting W to be maximized with 
respect to / and T subject t> a fixed value of N. With 
a less contrived form for W, the new optimum value 
of X would be below X°, reflecting the now higher 
cost (in terms of / and 7) of maintaining a given value 
of X. 
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preference,.so that the tariff inclusive sup- 
ply curve M5 passes through point E. Cal- 
culation of aid to S and cost to NW is now 
analogous to the first case. Aid to S (AT) 
is measured by P?HKP%. The net loss in 
world real income is HJK. A more com- 
prehensive measure of world welfare may 
rise or fall depending on the relative weights 
of Tand Jin the W function. 

As an alternative to a partial preference 
for imports from S, NW could combine a 
preferential tariff rate of zero with a quota 
limiting preferred imports to M°’, the initia] 
level of total imports. If import licenses are 
provided free to S exporters, or if ‘‘volun- 
tary” export quotas are administered by S, 
aid to S would increase by Pw EHP} rela- 
tive to the partial preference alternative 
with an equal rise in the cost to NW. This 


tariff-quota scheme is equivalent to an ar- - 


rangement in which NW gives to S the 
receipts from the preferential (but nonzero) 
tariff on imports from S considered above. 


_ It is noteworthy that a system of tariff 


quotas in which additional imports enter at 
the original tariff rate will generate more 
aid than a smaller tariff cut with unre- 
stricted imports, when both are designed 
to maintain the original level of total im- 
ports. The European Community and 
Japan use tariff quotas to limit preferred 
imports; however, because licenses are 
awarded to domestic importers, the system 
is unlikely to confer extra benefits on de- 
veloping country exporters. 


III. Preferences and Optimal 
Price Discrimination 


A country which has some monopsony 
power in world markets—1.e., faces an up- 
ward sloping supply curve for imports— 
can increase its real national income by 
levying an optimum tariff on imports. 
When discrimination by country of origin 
is ruled out, the well-known Mill-Bickerdike 
tariff maximizes real national income by 
optimal exploitation of monopsony power. 
In this section, the original tariff imposed 
by NW on imports from NE and S is as- 
sumed to be of this type, contributing to 
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NW welfare through its effects on real na- 
tional income J, 

The initial absence of tariff discrimina- 
tion may be explained in several ways, and 
the consequences of preferential trade de- 
pend in part on which of these explanations 
is applicable. The nondiscriminatory tariff 
policy of NW may indicate that discrimina- 
tion does not yield any extra benefits above 
those obtained by the optimum nondis- 
_ criminatory tariff, as would be the case if 
the export supply curves of NE and S have 
the same elasticity at any given price. Alter- 
natively, NW may be unable to segment 
the market for its imports without the col- 
lusion of at least one of the suppliers. And 
even when collusion between NW and one 
of the other trading blocs could improve 
the welfare of both by segmenting the mar- 
ket, international trading rules such as 
those of GATT may rule out this discrimi- 
natory policy. 

Figure 2 illustrates the initial optimum 





tariff position.” The combined supply curve 
of imports from NE and S is imperfectly 
elastic; marginal cost to NW of imports 
from the two sources is shown by the Myc 
schedule. The tariff rate * equal to (Phy — 
P§)/P§ maximizes the gain to NW from 
nondiscriminatory trade with NE and S. 
In the initial equilibrium, Pw is the domes- 
tic price in NW, while the supply price of 
imports is P§ = P\,. The gain in real in- 
come to NW through use of the optimum 
tariff over the free trade equilibrium (point 
F in Figure 2a) is measured by the area 
FAB. 


‘9 The partial equilibrium tariff discrimination model 
used here is based on Johnson (1962). Alexander 
Henderson has shown that partial equilibrium price 
discrimination is easily translated into general 
equilibrium by the use of reciprocal demand curves. 
This approach is follawed by Kemp and extended by 
Caves through the explicit introduction of “purposive 


welfare-maximizing behavior” by a trader entering | 


into a preferential agreement. 


wer 
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Now NW institutes partial” preferences 
on imports from S, so that these imports 
are subject to a reduced tariff rate f, 0 < 
f < r*. In the new equilibrium situation 
(point C in Figure 2a), domestic-price has 
fallen to Phy, imports from NE are re- 
duced by M3, — Mhe, while NW’s total 
imports rise by M' — M° as a result of in- 
creased consumption and decreased domes- 
tic output. Thus S experiences a terms of 
trade gain on its initial level of exports to 
NW (area P| RUP3 in Figure 2b) and a pro- 
ducer's surplus gain on its additional ex- 
ports (area RTU). It follows that S enjoys 
an increase in real income of 


AT = PsMs — PsMs - f 
MS 
which is measured ty area Pi/TUP. The 
net real income cost to NW of the partial 
tariff preference granted to S is given by 


—AI = APs(Mħe — Mhe) + APsMS 
+ {1/2APyy — (Pyw — PM’ — M°) 
+ APyeM Ne 
which corresponds ta area 
LHJN + P§RUPS$ — ACGI — Phs NKP Ne 


Real income of NE decreases through both 
a terms of trade loss (area Phe NKP he) and 
a loss of producer’s surplus (NJK). 

By assumption NW’s initial tariff was 
optimal only with respect to the rest of the 
world taken as a single trading unit. In the 
case illustrated, Ms; is more elastic than 
Myg at any common supply price. Thus, 
the marginal cost of imports from NE ex- 
ceeds that of imports from § in the ini- 
tial nondiscriminatory equilibrium. Under 
these circumstances, a preferential tariff on 
imports from § represents a second best 
approximation to optimal discrimination 
by NW between the two suppliers. There 
is therefore a possibiity that, whatever the 
real income gain to S, NW may also obtain 


20 Because of the second best nature of the problem, 
the case in which the tariff on preferred imports is re- 
duced rather than completely eliminated is of partic- 
ular interest. 
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an increase in real income (a negative net 
cost) which is a reflection of the gains from 
price discrimination. Granting tariff pref- 
erences to S could thus unambiguously in- 
crease NW welfare through increases in 
both Z and T.” Even if the net cost is posi- 
tive but lower than the real income gain to 
S, it may still cost NW less than a dollar of 
real income foregone to transfer a dollar of 
resources to S. In effect, NW uses its 
monopsony power to tax NE for the benefit 
of S. 

Given the linear supply functions de- 
picted in Figure 2, optimal discrimination 
would require a lower tariff 7; < ¢* on im- 
ports from S and a higher tariff fy; > ¢* on 
imports from NE, with total imports un- 
changed. If NW were to raise its MFN 
tariff rate to fy, while allowing imports 
from S “‘preferential access” at the rate fs, 
optimal discrimination would be achieved 
and both NW and S would gain unambigu- 
ously relative to the initial equilibrium. 


21The real income of NE has not been assumed to 
enter the NW welfare function. If a real income loss to 
NE lowers NW welfare, this will provide an offset to 
the welfare gain from increased / and T. 


REFERENCES 


M. D. Bale, “Estimates of Trade—Displace- 
ment Costs for U.S. Workers,” J. Int. 
Econ., Aug. 1976, 6, 245-50. 

R. Blackhurst, “Tariff Preferences for LDC 
Exports: A Note on the Welfare Compo- 
nent of Additional Earnings,” Riv. Int. 
Sci. Econ. Com., Dec. 1971, 18, 1180-88. 

, “General Versus Preferential Tariff 
Reduction for LDC Exports: An Analy- 
sis of the Welfare Effects,” Southern 
Econ. J., Jan. 1972, 40, 350-62. 

R. E. Caves, “The Economics of Reciprocity: 
Theory and Evidence on Bilateral Trad- 
ing Arrangements,” in Willy Sellekaerts, 
ed., International Trade and Finance, 
London 1974, 

C. A. Cooper and B. F. Massell, (1965a) 
“Toward a General Theory of Customs 
Unions for Developing Countries,” J. 





VOL. 67 NO. 5 


Polit. Econ., Oct. 1965, 73, 461-76. 

and , (1965b} “A New Look 
at Customs Union Theory,” Econ. J., 
Dec. 1965, 75, 742-47. 

R. N. Cooper, “The European Community’s 
System of Generalized Tariff References: 
A Critique;” J. Develop. Stud., July 1972, 
8, 379-94, 

W. M. Corden, Trade Policy and Economic 
Welfare, Oxford 1974. 

A. M. Henderson, “A Geometrical Note on 
Bulk Purchase,” Economica, Feb. 1948, 
15, 61-69. 

H. G. Johnson, “The Cost of Protection and 
the Scientific Tariff,’ J. Polit. Econ., 
Aug. 1960, 68, 327-45. 

| , “The Economic Theory of Cus- 

toms Union,” reprinted in Money, Trade 

and Economic Growth, Cambridge, Mass. 

1962, ch. 3. 

, ‘Optimal Trade Intervention in the 

Presence of Domestic Distortions,’ in 

Richard E. Caves, et al., eds., Trade, 

Growth and the Balance of Payments, 

Amsterdam 1965. 

, “Trade Preferences and Develop- 
ing Countries,” Lloyds Bank Rev., Apr. 
1966, 80, 1-18. 

Murray C. Kemp, A Contribution to the Gen- 
eral Equilibrium Theory of Preferential 

















McCULLOCH AND PINERA: TRADE AS AID 967 


Trading, Amsterdam 1969. 

M. B. Krauss, “Recent Developments in 
Customs Union Theory: An Interpretive 
Survey,” J. Econ. Lit, June 1972, 10, 
413-36. 

Richard G. Lipsey, The Theory of Customs 
Unions: A General Equilibrium Analysis, 
London 1970. 

S. P. Magee, “The Welfare Effects of Re- 
strictions on U.S. Trade,” Brookings 
Papers, Washington 1972, 3, 645-701. 

R. McCulloch, “United States Preferences: 
The Proposed System,” J. World Trade 
Law, Mar./Apr. 1974, 8, 216-26. 

James Meade, The Theory of Customs, 
Unions, Amsterdam 1955. 

T. Murray, “How Helpful is the Generalized 
System of Preferences to Developing 
Countries?,”” Econ. J., June 1973, 83, 
449-55, 

J. Pinera, “World Income Redistribution 
Through Trade,” unpublished doctoral 
dissertation, Harvard Univ. 1974. 

Jaroslav Vanek, General Equilibrium of Inter- 
national Discrimination, Cambridge, 
Mass. 1965. 

Jacob Viner, The Customs Union Issue, New 
York 1950. 

International Monetary Fund, IMF Survey, 
June 23, 1975, 4, 186-89. 


The Regulated Firm with a Fixed Proportion 
Production Function 


By THOMAS E. KENNEDY* 


Harvey Averch and Leland Johnson in 
their pioneering paper on regulatory model- 
ing found that a firm regulated by a maxi- 
mum allowed rate of return on capital 
would generally find it advantageous to 
substitute capital for other inputs to pro- 
duce its output in an overly capital inten- 
sive manner. However, they and others 
have suggested that this misallocation of 
inputs would not exist if the firm’s produc- 
tion function was of the fixed proportion 
type so that the firm could not substitute 
inputs.' 

This paper examines the behavior of the 
regulated firm with a fixed proportion pro- 
ductian function. It concludes that the firm 
produces efficiently cnly if ‘demand is suf- 
ficiently elastic so that marginal revenue 
exceeds marginal noncapital cost. Lowering 
the allowed return on capital in an attempt 
to increase output beyond the point where 
marginal revenue equals marginal non- 
capital cost will prompt the firm to acquire 
idle capital and will not bring forth any 
increase in output. 

The L-shaped isoquant associated with 


*Assistant professor of economics, Kansas State 
University. Iam grateful tc C. F. Christ, P. J. Gorme- 
ley, B. L. Jaffee, and F. T. Sparrow for their com- 
ments on an earlier draft of this paper. I also 
acknowledge the very useful suggestions made by the 
anonymous referee. 

They write: “İf it [the production function] involves 
fixed proportions, ... the regulated firm is constrained 
to the efficient expansion path” (p. 1057). Gordon 
Corey echoed their result in a recent article in which 
he states, “If there were fixed proportions in produc- 
tion, the expansion paths of the regulated and un- 
regulated firm would be idzntical”* (p. 364). Frederick 
Scherer also agrees, “In. the limiting case of zero sub- 
stitution elasticity (associated with L-shaped isoquants) 
there will be no departure from the socially optimal 
capital/‘abor ratio” (p. 532). While David McNicol 
(p. 432, fn. 10) questions the Averch-Johnson result 
that no misallocation would occur with a fixed propor- 
tion preduction: function, he provides no conditions 
for its occurrence or nonoccurrence. 
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fixed proportion production functions may 
be particularly relevant to public utilities. 
The complex technology utilized involves 
both limited substitutability of other inputs 
for existing plant and equipment, and long 
lifetimes for this capital.2 Even if the L- 
shaped isoquant is not applicable to new 
capital investment, it may be applicable 
for existing capital plant and equipment. 
Thus a significant part of the firm’s ca- 
pacity can be considered to have minimal 
input substitution possibilities over a sub- 
stantial period of time. The firm without 
factor substitutability can react to regula- 
tion by being overly capital intensive only 
by padding its rate base with idle capital. 

To develop the condition under which 
the firm with a fixed proportion production 
function would produce inefficiently, the 
following notation will be employed: 


m = profit 
q = output 
R(q) = revenue function 

K = physical units of capital 

L = physical units of labor’ 

q = q (min (K/a,L/b) = the fixed pro- 
portion production function with 
a>QOandb>0O0- 

r = cost of obtaining funds, the unit 


cost of capital* 


2For example, the Federal Power Commission 
(pp. 1-29) reports steam electric plant equipment life 
is estimated to about thirty to thirty-five years. Also, 
depreciation rates for regulated industry, while ad- 
mittedly conservative, suggest long lifetimes for physi- 
cal capital. Alfred E. Kahn (p. 118) gives depreciation 
rates for regulated industries in the 2 to 5.4 percent 
range which implies physical capital lives in excess of 
fifteen years. i 

3The term labor is used here by convention, but can 
be thought of more generally as including all noncapi- 
tal inputs. 

4The cost of capital is equal to its acquisition cost 
multiplied by the cost of obtaining funds. In the fol- 
lowing, capital units will be measured so that the ac- 
quisition cost of a unit of capital is equal to unity. 
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= price per physical unit of labor 
= allowed rate of return per unit of 
capital with s =r+v,v > 0 


wn = 
1 | 


The objective of the firm is to maximize 
profit: 


(1) a = R(g) — rK — wL 


subject to the constraint limiting the firm’s 
rate of return on capital, 


(2) R(q) — sK — wL < 0 


Since we are concerned with cases in 
which regulation does affect the firm, 
henceforth we assume the equality form of 
the constraint. Combinations of capital and 
labor which satisfy the equality form of (2) 
form the iso rate-of-return curve for a given 
s. Following William Baumol and Alvin 
Klevorick, we define the locus of maximum 
profit points for alternative iso rate-of- 
return curves as the expansion path of the 
firm. We are concerned with finding this 
path and comparing it to the efficient ex- 
pansion path with fixed proportion produc- 
tion, K/a = L/b. 

To find the regulated firm’s expansion 
path, note that since g depends on the mini- 
mum of K/a and L/b, the iso rate-of-return 
constraint can be written as 


(3) R(g(L)) — wL — sK = Ofor Žž > £ 
(4) R(g(K)) — wh - sK = O for É < Z 


Since allowed profits can be increased only 
by increasing capital, equation (3) which 
allows for over-capital intensity is of prime 
interest and will be considered here.’ 
Because the regulated profit is equal to 
(s — r)K, the firm maximizes its profit by 
choosing that point on the relevant iso rate- 


Therefore, the cost of capital is equal to r. This pro- 


cedure eliminates the need for a separate term for the 
acquisition cost of capital without loss of generality. 
This simplification was also made by Averch-Johnson. 

>For another approach to the problem including a 
proof that the firm would not be overly labor inten- 
sive, see the author. 
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of-return curve which has the maximum 
capital. The firm would operate in the 
overly capital intensive region if the slope 
of the iso rate-of-return contour becomes 
vertical. Differentiating (3) we obtain this 
condition: 

(5) dK 1 (2 


AE wee 
wen 


The condition for the firm to be overly 
capital intensive is that the marginal reve- 
nue product of labor along the relevant iso 
rate-of-return curve is equal to the price of 
labor. Alternatively, if the expression in 
parentheses is divided by the marginal, 
product of labor, the condition can be 
stated in terms of output as marginal reve- 
nue is equal to marginal labor cost. When 
this condition occurs it becomes profitable 
for the firm to pad its rate base with excess 
capital rather than continuing to expand 
output to meet the regulatory constraint. 

In the overly capital intensive range, 
revenues depend only on L. Assuming that 
dR/dL is a monotonically declining func- 
tion of L, equation (5) will have only one 
root. This root represents the maximum 
amount of L (denoted by L*) which the 
firm would employ and results in the maxi- 
mum output the firm would produce. 

While the firm may be inefficient, it can 
be shown that there does exist a range of 
efficient production along the firm’s expan- 
sion path in which regulation can decrease 
the firm’s profits and increase its output 
while maintaining efficient production. The 
unconstrained firm chooses K/a = L/b so 
that profit can be written as 


(6) x = (R(L))— wL - ree 


and reaches a maximum profit at the root of 


6Since dR/dq will be declining, dR/dL will also 
decline except where economies of scale are so great 
that the rise in the marginal product of L is able to 
offset the fall in marginal revenue. At the chosen oper- 
ating point of the firm, dR/dL will be declining even 
if dR/DL is not monotonic. 
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Denote this root by L**, Since w + (a/b)- 
r> w, L** < L*, and a range of efficient 
production exists between L** and L*. 

The above results can be summarized in 
Figure 1 which illusirates the iso rate-of- 
return contours for the overly capital inten- 
sive range of input tse. The firm’s expan- 
sion path is 7,4, BC. For rates of return be- 
tween the unconstrained profit-maximizing 
rate of return and the iso rate-of-return 
curve passing through point B where 
dR/dL = w, regulation is effective in de- 
creasing profit and increasing output while 
maintaining efficient production. However, 
if the regulators attempt to lower the al- 
lowed return below the level attained at 
point B, the result wil. be no change in out- 
put while profit is lowered as the firm ac- 
quires enough excess capital to achieve the 
lower allowed rate cf return along range 
BC. 

The results found kere show that lack of 
substitutability of insuts does not insure 
economically efficient use of inputs for the 
rate-of-return regulated firm. There can be 
significant differences between the mini- 
mum cost required for production of a 
given output and the cost in terms of re- 
sources used by the regulated firm. Regula- 
tors need to be cognizant of the possibility 
of inefficient behavior on the part of the 
regulated firm even when input substitution 
opportunities do not exist for the firm. 


The statement of Averch-Johnson that 
the regulated firm with a fixed proportion 
production function will produce efficiently 
is correct only so long as marginal revenue 
is greater than marginal labor (noncapital) 
cost. When regulation is such that with ef- 
ficient production marginal revenue would 
not cover marginal labor cost, the regulated 
firm would maximize its profits by produc- 
ing at the point at which marginal revenue 
equals marginal labor cost and expanding 
its rate base with idle capital sufficiently to 
meet the rate-of-return constraint. 

In a sense, the misallocation of resources 
in the fixed proportion case may be of a 
worse nature than in the substitutable in- 
put case. The misallocation associated with 
substitutable inputs is analogous to the firm 
using the wrong input prices in its input 
decision. In the fixed proportion case, no 
positive input prices could cause the use of 
the resources which the regulated firm 
chooses. “Second best” considerations 
might possibly make it socially desirable for 
the regulated firm to be overly capital in- 
tensive in terms of market input prices. 
However, such considerations would never 
call for the outright waste of scarce re- 
sources which may occur in the case of the 
regulated firm with a fixed proportion pro- 
duction function. Thus, while it is true that 
the fact that a regulated firm’s production 
function is of the fixed proportion type may 


ron 
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prevent inefficiency given sufficiently elastic 
demand for the product, this same type of 
production function may result in the out- 
right waste of inputs if demand is not suf- 
ficiently elastic. 
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Intergenerational Equity and the Investing of 
Rents from Exhaustible Resources 


By JOHN M. HARTWICK* 


Invest all profits or rents from exhaustible 
resources in reproducible capital such as 
machines. This injunction seems to solve 
the ethical problem of the current genera- 
tion shortchanging future generations by 
“overconsuming” the current product, 
partly ascribable to current use of exhaust- 
ible resources.’ Under such a program, the 
current generation converts exhaustible re- 
sources into machines and “‘lives off” cur- 
rent flows from machines and labor. Under 
such a program one might assume that in 
some sense the total stock of productive 
capital was never depleted since ultimately 
the exhaustible resource stock will be trans- 
muted into a stock of machines and, given 
that machines are assumed not to depreci- 
ate, no stock either of machines or of ex- 
haustible resources is ever consumed. If in 
this sense the stock cf productive capital is 
not being depleted, what can one say about 
the time path of current output and current 
consumption per head? For the case of per 
capita consumption remaining constant 
over time, one could say that no generation 
was better off than another. Intergenera- 
tional. equity was being achieved.” For 
simplicity, we shall assume ZPG or a con- 
stant population so we need only ask what 
happens to the time path of aggregate con- 
¢ sumption. Let me restate the problem in 


* Associate professor, Queen’s University. 

The idea for this paper arose after hearing a sem- 
inar by Anthony Scott on resource policy. He esti- 
mated the returns Canadians might receive in 1975 if 
they had invested all resource royalties in assets yield- 
ing the current rates of interest prevailing since 1911. 
The interest each year was to be consumed. He la- 
beled such a strategy as a “Saudi Arabian” pro- 
gram! 

2See Kenneth Arrow for a systematic exploration 
of savings rules and intergenerational equity within 
the context of a model of accumulation of repro- 
ducible capital in the absence of exhaustible re- 
sources. The current interest in intergenerational 
equity was aroused by remarks of John Rawls (sec. 
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brief: if society invests all rents from ex- 
haustible resources in reproducible capital 
goods, and invests -ohly this amount, i.e., 
consumes the remainder of the product 
given population constant, will consump- 
tion and output rise, remain constant, or 
fall over time? 

I shall formally set this problem out be- 
low and solve it for the case of a Cobb- 
Douglas technology. The Cobb-Douglas 
technology has the important property that 
each input (in particular, the flow of min- 
erals from an exhaustible resource) is es- 
sential for producing a positive output of 
the single produced commodity. Thus the 
economy cannot exhaust any natural re- 
source and continue to have positive con- 
sumption and output. Beckmann (1974, 
1975), Solow, and Solow and Wan have 
used the Cobb-Douglas technology in their 
analyses of utilization of exhaustible re- 
sources in aggregate dynamic models. 

Production in the model at period t will 
be assumed to require inputs of reproduc- 
ible capital k(t), flows of mineral from an 
exhaustible resource y(t) and labor. The 
labor force is constant so we can set it at 
one unit. The k(t), y(t), commodity output 
x(t), and consumption c(t) are defined in 
per capita terms. The technology f(k(t), 
y(t), 1) will be assumed to exhibit constant 
returns to scale so that f(-) is homoge- 


44). One should of course consult Rawls, Arrow, and 
Robert Solow for an introduction to the diverse no- 
tions of intergenerational equity which have been 
proposed for consideration in the current investiga- 
tions, Rawls was concerned with the problem of 
balancing the relative burden of savings on early 
generations with the burden on later generations. 
Capital was being accumulated over some part of a 
society’s program of consumption and investment. 
With exhaustible resources, one must be concerned 
with forestalling decumulation of society’s produc- 
tive capital in order to achieve some notion of inter- 
generational equity. 
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neous of degree one. The value of x(t) = f(-) 
will be zero if any argument of f(-) is zero. 
That is, each input is essential. The mar- 
ginal productivities df/dk and @éf/dy are 
assumed to be positive; 9’f/ak* and df 
dy’ are assumed to be negative. Let fy 
af/ak, fy = af/ay, fax = O° f/dk’, fey 
af/akay, and fp a°f/ay’. A D before a 
variable will indicate the time derivative of 
that variable (for example, Dk ê dk/dt). 
At any instant of time, the product x(t) is 
completely divided between current con- 
sumption c(t), investment Dk and extrac- 
tion costs ay(t), where a is the cost mea- 
sured in units of the single produced com- 
modity of extracting one unit of the 
exhaustible resource. Thus, we have our 
accounting relation 


x(t) = c(t) + Dk + ay(t) 
Our savings or investment function is 
(1) Dk = (f ~ a) y(t) 


Efficiency of exhaustible resource extraction 
requires that the rate of return from a unit 
of reproducible capital equal the rate of 
return from owning a unit of deposits of the 
exhaustible resource.’ In price terms, this 
condition is characterized by the current 
capital gain on mineral deposits being equal 
to the interest rate or rate of return on 
reproducible capital. In our one-commodity 
world, this condition is satisfied by the rate 
of change in the marginal product of the 
mineral being equal to the marginal product 
of reproducible capital. This is sometimes 
referred to as the Hotelling Rule. It char- 
acterizes the efficient exploitation of an 
exhaustible resource. That is 


te Il 


dlog(f, — a) _ 
(2) aaa erica Sk 
or 
2’) fyyDy + fi Dk = fil fy - a) 


Relations (1) and (2) define the dynamics 


3Since in a well-behaved problem (e.g., the case with 
a Cobb-Douglas production function) f, always in- 
creases as t—> ©, one has only to assure that the 
extraction costs are such that ( f, — a) > Oat to. 
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of the economy. There are two differential 
equations in the variables y(t) and k(t). We 
require initial values k(0) and y(0) in order 
to define the time paths of y(t) and k(t). 
We shall assume that k(0) and y(0) are 
selected so that the initial stock of exhaust- 
ible resource S$ is precisely sufficient to sus- 
tain the economy over infinite time. We 
shall remark below that there exists a finite 
S which will yield the consumption path 
below. By definition, dS/dt = —y(t), where 
the stock S is defined in per capita terms. 

Aggregate output is rising, constant, or 
falling over an interval of time as Dx 2 0. 
Now from the definition of the production 
function, we get 


(3) Dx = f,Dk + f,Dy 


For the case of the Cobb-Douglas tech- 
nology, we have 


x = k“yf17 


with a + p = 1 and k £ ax/k and f, 
Bx/y. Also fy 4 Bx(B — 1)/y’ and fx 
aBbx/yk. 

For the case of the Cobb-Douglas tech- 
nology, (2°) becomes 


f,Dy — xDy/y + Dk = (Y/B - 9) 
and substituting for Dk from (1), we get 


(4) BI, Dy + fl - ay] = 
f,Dy + fil fh, — a)y 


Since 0 < @ < 1, equation (4) can only be 
satisfied if Dy + fi(f, - a)y = 0 but 
i,Dy + f,(f, — a)y is the right-hand side of 
(3). Thus we have established that x will be' 
constant over time and since c(t) = 
(1 — 8)x(t), (recall fy = Bx), we have the 
result that consumption per head will be 
constant over time. Given the finiteness of 
natural resource stock, it will be necessary 
over infinite time to have the current flow of 
resources extracted asymptotically ap- 
proach zero as time tends to infinity. By 
Solow’s definition of intergenerational 
equity—-namely per capita consumption 
remaining constant over time—we have es- 
tablished that the savings investment rule 
(invest all net returns from exhaustible re- 
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sources in reproducible capital) implies 
intergenerational equity. A perusal of the 
mathematics of Sclow’s paper indicates 
that this result was implicit in his mathe- 
matics—to preserve Dc = 0, society should 
invest the current returns from the utiliza- 
tion of flows from tae stock of exhaustible 
resources. 

We have in fact obtained the rule for a 
model with nonzero extraction costs. Solow 
had no extraction ccsts in his formulation. 
He proved that the existence of a solution 
required that 6 < a. We take this as a 
necessary condition “or existence. It implies 
that the share of output ascribable to nat- 
ural resources be less than that share 
ascribable to reprocucible capital—a con- 
dition which empir-:cal results indicate is 
unambiguously satishied. To be precise, the 
only model in which the existence of a so- 
lution with c positive over infinite time and 
S finite has been es:ablished is the above 
Cobb-Douglas case with extraction costs 
set at zero. On reéding the above note 
Solow pointed out that the rule “‘invest ex- 
haustible resource rents and c will remain 
constant” is very general. To see this sub- 
stitute from (1) and (2) in the relation Dx = 
i,Dk + f, Dy for fy and Dk to get 


b l 
Dx = HE ~ a| (fy -a)y + fyDy 


_ 4(hy) _ d(Dk + ay) 
dt dt 


Given x = c + Dk + ay we conclude that 
Dc = 0 regardless of whether Dx = 0. 
` Thus we have established, for general tech- 
nologies, the rule: “che investment of cur- 
rent exhaustible resource returns in repro- 
ducible capital implies per capita 
consumption constant.” For the Cobb- 
Douglas case Dk + ay = fy = Bx. Thus 
from above we have Dx = BDx and since 
B = 1, Dx = 0. If there is depreciation of 
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reproducible capital at the rate 6 per unit i 


capital per unit time, then net capital ac- 
cumulation is currently of the amount 
dk/dt + k(t) and given our savings rule, 
equation (1) becomes Dk + 6k = (f, - 
a) y(t). Reworking the steps for solving for 
Dc above reveals that De = —ô fkk. Hence 
our savings investment rule will not pro- 
vide for the maintaining of per capita con- 
sumption constant over time. The current 
decline in per capita consumption is simply 
the amount of the produced commodity re- 
quired to offset the current amount of 
depreciation in the reproducible capital. 
Arrow’s results would not turn on whether 
he has reproducible capital depreciate; he 
does not explicitly treat depreciation. In my 
1976 paper the present model is extended to 
cover cases of many exhaustible resources. 
The intergenerational equity result has also 
been established in a Uzawa two-sector 
model with an exhaustible resource. 
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‘Tariffs vs. 


Quotas as Revenue Raising 


Devices under Uncertainty 


By PARTHA DASGUPTA AND JOSEPH STIGLITZ* 


The relative merits of a tariff and a quota 
at the border for achieving a government 
objective have been discussed a good deal 
in the literature.'! It has long been recog- 
nized that, provided the government auc- 
tions off the quota, the optimum pure tariff 
andthe optimum pure quota are equivalent 
in a competitive world with no uncertainty.” 
The proposition continues to hold if there is 
uncertainty, but where every agent, includ- 
ing the government, can monitor (and 
therefore distinguish) costlessly every state 
of nature. However, in such a world the 
equivalence is between a pure tariff and a 
pure quota that are both functions of the 
state of nature.’ It is this last observation 
that leads us to suspect that the equivalence 
result is of rather limited practical use. One 
would imagine that the possible states of 
nature are large in number. It is then diffi- 
cult to envisage a government announcing a 
trade policy that is contingent entirely on 
the state of nature. Such a policy would be 
costly to calculate and difficult to compre- 
hend. We are therefore encouraged to 
simplify a good deal and to restrict the set 
of admissible trade policies. But this is a 
difficult matter. It is by no means immediate 
what restrictions would appear as being 
natural to contemplate. The border policies 
that are most commonly resorted to by gov- 
ernments are fixed tariff rates and fixed 
quantity restrictions. They are often re- 
garded as polar forms of trade restrictions 


*Reader in economics, London School of Econom- 
ics, and professor of economics, University of Oxford, 
respectively. This work was supported by National 
Science Foundation Grant SOC74-22182 at Stanford 
University. We are most grateful to Phillip Kott for 
valuable comments. 

i See, for example, Jagdish Bhagwati. 

2By a pure tariff rate we mean a tariff rate that is in- 
dependent of the quantity traded. Likewise, by a pure 
quota we mean a single quantity restriction. 

3This will be demonstrated formally in the example 
that follows. 
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(one involving prices and the other involv- 
ing quantities). They have very different 
effects: a fixed tariff on a commodity sta- 
bilizes its domestic price in the face of ran- 
dom domestic demand and supply but a 
fixed international price; while a quota 
stabilizes its domestic price if its interna- 
tional price is random but its domestic de- 
mand and supply functions are fixed. 

The major purpose of this paper is to ex- 
amine the relative merits of these two trade 
policies in the presence of uncertainty. The 
central result that we shall present here 
came somewhat as a surprise to us. Under 
the conventional criterion of maximizing 
the expected value of net consumer’s sur- 
plus, the optimum fixed tariff is superior to 
the optimum fixed quota. The result con- 
tinues to hold if instead the maxi-min crite- 
rion is followed. Section I is concerned wi-h 
this issue. In Section II we discuss in what 
sense both tariffs and quotas may be viewed 
as special cases of a more general class of 
trade policies, and how the problem of the 
choice of an optimum trade policy may be 
viewed as an example of a general class of 
problems arising out of imperfect informa- 
tion. 


I. Tariffs versus Quotas 


Imagine a commodity that can be both 
produced domestically under competitive 
conditions and at the same time imported. 
Denoting by g its domestic price and by D 
its domestic demand, we suppose that the 
market demand curve can be represented 
así 


(1) q= &— BD 


where ĝ is a positive constant and where & 


—_ 
— 


4In what follows, a tilde above a variable will imply 
that the variable is random, and a bar above it will de- 
note its expected value. Thus, for example, E(@) = a. 
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FIGURE 1 


is a random variable with a known distribu- 
tion. Writing S as the domestic supply of 
the commodity, we take it that the domestic 
supply function can be represented as? 


(2) g=7+ 6S 


where 6 is a positive constant and where ¥ 
is-a random variable. In short, we are 
postulating linear demand and supply 
curves, each of which possesses an unbiased 
shift parameter. (See Figure 1.) Alterna- 


tively, one could suppose that all the ran- | 


dom variables have small variances, so that 
we would be justifiec in taking linear ap- 
proximations of the domestic demand and 
supply functions at the optimum tariff 
point. | 

The economy in question is assumed to 
be small in that its import requirement does 
- not influence the foreign price. The import 
price # is not known with certainty but is 
random with a known distribution. 

Given that the commodity is domestically 
produced under competitive conditions the 
domesiic cost function CCS) is the integral 
of supply curve: 


(3) CCS) = 7S + ÈS? =(P - 7/28 

5It is, of course, possible to present the analysis by 
postulating directly the excess demand function, rather 
than working separately with the demand and supply 
functions. The final result that we shall present sub- 
sequently is, however, easier to dissect if we consider 
them separately. 
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(Without loss of generality we are setting 
the constant of integration at zero.) Like- 
wise, consumer’s gross benefit B(D) from 
(1) can be expressed as 

(4) BD) = aD - Ê D? = (@ - 7/26 
Given that we are concerned here with the 
relative merits of a pure tariff and a pure 
quota we need an account of the rationale 
for introducing a trade restriction. Assume 
then that the government desires to intro- 
duce such a restriction with a view to rais- 
ing a given expected level of revenue R, and 
to keep matters simple we take it that the 
government is risk neutral. Now it is plain 
that there are various manners in which the 
government can introduce trade restrictions 
in order to ensure an expected level of reve- 
nue R. Let E denote the expectation op- 
erator. We suppose that it ranks various 
feasible policies in accordance with the 
function 


W = E(B(D) - C(S) - ph 
where /is the equilibrium level of import.°® 


By way of contrast let us look at the first 
best formulation of the problem initially. 
For this economy a state of nature is char- 
acterized by a triplet of numbers (&, 7, P). 
In order to raise the expected level of reve- 
nue R, the government would announce an 
ad valorem tariff t, contingent on the state 
of nature. Writing by /(&, 7, p) the quantity 
imported in the state of nature (&, 7, p), and 
using (1) and (2), a market equilibrium 
would be characterized by the condition 


©) Ka, 7P) = 
- BL + (a, 7p) PE 


In what follows we shall take it for sim- 


6In other words, the government ranks policies in 
accordance to their contributions to the expected value 
of the sum of the surpluses accruing to consumers and 


` producers, (Note that it makes no difference whether 


the government ranks projects according to E(B — 
Č ~ pl] or E(B — Č ~ GI) since they differ by exactly 
R.) 


“. 
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plicity that the ranges of the random vari- 
ables &, ¥, and p are small in the sense that 
in the absence of any trade restrictions (i.e., 
t(&, ¥,P) = 0), one has for all realizations 
of &, 7, and p, I(&, 7%, p) > 0. To keep the 
analysis uncomplicated we shall subse- 
quently assume as well that R is small in a 
sense that will be made precise. 

The government’s problem would then 
consist of determining a tariff schedule 
1(&,7,p) that will maximize E(B(D) - 
C(S) — pl), subject to the constraint (5) 
and the condition 


(6) = E( pt(a, ¥, P) (a, 7, B)) = R 


Assume for the moment that an optimum 
exists. It is of course plain that whether the 
government announced the resulting opti- 
mal tariff schedule 1*(@, ¥, p) or instead 
uses (5) to auction off the corresponding 
import quota schedule /*(&,7,p) is a 
matter of indifference. This is the classical 
equivalence between tariffs and quotas. 

More generally, from equations (3), (4), 
and (5), we can express expected net benefits 
as 





_ E@’) | EW) 
OO Bs 28 26 
B+ 6 EG) Sa 
ae a Ee — Bca) 


EaP) | EWP) 
BO ô 
It follows that policies will be ranked simply 
on the basis of the value of 


(8) Z= E(Šğ) - E(H)?/2 


We are now concerned with the second 
best problem, where the admissible set of 
trade policies is severely restricted. We sup- 
pose that the government can costlessly 
monitor the total volume of imports, J, and 
can therefore base its trade restriction on /: 
but that &, 7, and p are separately unob- 
servable, and therefore it cannot base trade 
policies on them.’ In this section we focus 


TThus we rule out by assumption the possibility of 
smuggling. This raises rather different issues. 
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attention on two of the simplest of such 
trade policies, namely: 1) a pure tariff 
t(I) = t(aconstant); and 2) a pure quota J, 
which is equivalent to an implicit specific 
tariff r given by the rule r = g — p for 
ğ > p and Ia, 7p) < I, and + = œ for 
I(&, 7, p) > L? In what follows we analyze 
the two sequentially. (See the accompanying 
figure.) 


A. Pure Tariff 
Denote by ¢ the pure ad valorem tariff. It 


follows from equation (5) that the import 
function is of the form 


en ap (B + 9) 
(9) eee + 5 p(l + t) Ba 
and from the revenue constraint (6) that 
(10) R = E(ptl) = tE(pl) 


To analyze the issues involved it is simplest 
(though not essential) to suppose that the 
random variables &, ¥, pf, are all pair-wise 
independent of one another. We can then 
use equation (9) in equation (10) to obtain a 
quadratic equation in f: 

- 1| t` 


(11) (1? — i D(a a 78) 
(8 + ôE’) 
GER 
Sa ee 
(8 + d)E(p’) 


If R is too large, there will be no real solu- 
tion for t. There is then no feasible pure 
tariff policy. Consequently we take it that 
R is small. Of the two real solutions of (11) 

it is the smaller tariff rate which yields a 
higher level of expected net benefits. It is 
this smaller value we are interested in. De- 
note it by t*. To get a tidy expression for 
t* it will be convenient to assume that X is 
small enough so as to enable one to ignore 


ŝin what follows we shall suppose that the ranges of 
a, ¥, and p are sufficiently small and the quota is not 
overly large. Consequently we shall take it that ¢ > ñ 
and hence the quota is binding. It follows that strictly 
speaking one does not need to set r = œ for I(&, 7, P) > 
I. A large enough + will do. Notice that as the quota is, 
by assumption, auctioned off, the implicit tariff associ- 
ated with a quota is random. 
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all the second and higher powers of R. Con- 
sequently from (11) one has? 


BOR 
p(@ + FB) ~ (8 + 6) E(B’) 
It follows then that 
(13) 
jp ( + 


(12) 1* = 


BER 
p(a@s + 7B) — (B + ECP?) 
Under a pure tariff scheme the market- 
clearing price is random as long as the for- 
eign price is random. 


Thus, on using equation (8) one obtains 
(for small R) 


(14) Zang = E(p*)/2 
B. Pure Quota 
If a pure import quota J is announced 
and auctioned off, the resulting domestic 


price q in equilibrium is obtained from 
equation (5): 


05 ĝ= 





Bb 'à ta 


Thus, the uncertainty in the equilibrium 
price resulting from a quota is due solely to 
the uncertainty in the domestic supply and 
demand conditions. The uncertainty in the 
foreign price has no bearing on this. All this 
is, of course, obvious. Now if ¢ is the equi- 
librium market price, the implicit specific 
tariff 7 due to the quota in equilibrium is 


(16) =J- p 
which, on using in (15) yields 
a+ YB . Bol 
b+ P Br 
E(7J) is the expected revenue by an auction 


of the quota / in a risk-neutral market. 
Therefore condition (6) implies that 


(18) R = E(?D = IEC) 


(17) F= 





Notice that the validity of the approximation for 
t* depends on the magnitude of the right-hand side of 
equation (12), while the requirement that ğ > p (see 
fn. 8) implies restriction of the range of (&, ¥, P}. 


Using equation (17) and (18) yields a qua- 
dratic expression in I: 


ad + YB ~ p(B + ò) 
R(8 + 6) | 
ac 7 ales 0 


There are then two feasible quota specifica- 
tions. Plainly the larger of the two solutions 
of equation (19) yields higher expected net 
benefits: denote it by 7*. It follows that 


(20) i aô + YB — p(B + 6) 
Bd 
R(B + ô) 
ad + YÊ — p(B + ò) 
Using equations (15) and (20) now yields 
the equilibrium price under the pure quota 
scheme as 


RB6 
ab + FE - p(B + ô) ; 
, (4 -Dô + (7 — 7B 

B+ 6 


(21) ĝ=P+ 


As before, we are concerned with the level 
of expected net benefits under the optimum 
pure quota level J*. 

From equation (8) and (21) one then ob- 
tains 


(22) 

Z quota = (P?— (038° + 05 8")/(B + 8)’) + 2 
where o2 and o2 are the variances of & and 
+, respectively. 


C. Comparison 


We have finally to compare (14) and (22) 
to determine which of the two schemes is 
superior. Since o? = E(p*) — P’, it follows 
that 
(23) 


+ 6 
Wiari — W uota ai p 


B 5 [Z orig = Z geste] 


„êa  , Boy +o; 
28(8 + 6) 26(6 + ô) 286 


Equation (23) is the basic result of this 
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paper and in what follows we comment on 
it. Notice first that the reason why moments 
of order higher than the variance do not ap- 
pear in (23) is the fact that the government’s 
objective function is quadratic. Notice as 
well that if c? = o? = of = 0, then Wang = 
Weuoa. This last is, of course, the classical 
equivalence result. However, the interesting 
feature of equation (23) is that so long as 
at least one of the variances is positive, 
Waarig > Wow. In other words, a pure tariff 
is unambiguously superior to a pure quota in 
generating a given expected level of govern- 
ment revenue, 

We had not anticipated this result. In- 
deed, we had supposed that the relative 
merits of a tariff and a quota would depend 
on the relative steepnesses of the demand 
and supply functions, and possibly also on 
the relative magnitudes of the coefficients of 
variation of the different random variables. 
No doubt under more general formulations 
of the excess demand function there are cir- 
cumstances in which a pure quota is a 
superior policy measure to a pure tariff. But 
a linear excess demand function is the sim- 
plest laboratory in which to raise this ques- 
tion. At any rate, within the confines of 
such a formulation the answer emerges as 
being unambiguous. 

The result is particularly telling for the 
situation where c? > o2 = o2 = 0. It is un- 
der this circumstance that a pure quota is a 
stabilizing policy. Under such a regime 
there is no uncertainty in the domestic equi- 
librium price (see equation (21)).!° Conse- 
quently there is no uncertainty in the sum 
of the surpluses accruing to producers and 
consumers. However, with a pure tariff the 
domestic equilibrium price is random (see 
equation (13)). It might then be thought 
that given risk aversion on the part of the 
private sector, a quota would be a superior 
policy measure to a tariff in generating the 
required government revenue. What this 
argument overlooks is the fact that the 


10This may well be an implicit argument in justifying 
the European Economic Community (EEC) policy of 
stabilizing domestic price by setting a tariff contingent 
on the imported price of commodities which is pre- 
cisely what a quota achieves. 
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quota does not allow for variations in im- 
ports, say, when the social cost of imports 
is low (because pf is low) or when the value 
of imports is high (for example, because & 
is large). This relative adaptability of tariffs 
has long been argued as one of its advan- 
tages. The result here makes precise the 
sense in which this is true. 

Remarkably enough the result does not 
depend on the assumption of risk neutrality 
with respect to net consumer’s surplus. Sup- 
pose instead infinite risk aversion and con- 
sequently that policies are ranked by the 
function 


W = min(B - Č - ph) 
With the max-min criteria the same result 


obtains, for on using equations (12) and 
(20), routine calculations yield 


~ 


W arif on W uota g 


B +ò eae. RBS 
260)" P- a + 4B — WB + 8) 


(max m a)6 F (Yas = 7)6 £ 
7 — t Cines = DE a 


If. Second Best Optimum Tariff Schedules 


The analysis of the previous section could 
be viewed as one concerning the optimum 
tariff schedule when the admissible set of 
policies is restricted to the fixed tariff and 
the fixed quota. It was noted that this was 
an immense restriction. It emerged that 
even for small expected revenue require- 
ments there are only four feasible policies 
in all (see equations (11) and (19)). Com- 
puting the optimum border policy was then 
an easy enough matter. The central result of 
this paper was that the fixed ad valorem 
tariff ¢* in equation (12) is the optimum of 
this restricted set of policies. 

Now, there is of course no reason why in 
principle we should restrict our attention to 
the fixed tariff and quota as admissible 
policies. The tariff schedules need to be 
based on observables, and ought to be ad- 
ministratively simple. For instance, it may 
be relatively easy to monitor the volume of 
imports but difficult to monitor the true 
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price (for example, because of kickbacks, 
special credit facilities, etc.). Thus we could 
imagine the government announcing an ad 
valorem tariff rate ¢(/). In order that such a 
function yields an outcome it must result in 
a real valued random variable /, satisfying 
the conditions 


P= E+ 1 _ pil + He + 8/60 


and 
R = E(p()n 


The aim may then be to select a schedule 
t*(I) that maximizes W = E(B(D) - 
C(S) — pl). 

It is clear from this formulation that the 
problem of optimum tariff structure, as we 
have posed it, is yet another example of a 
wide class of optimum control problems 
with imperfect information which share a 
common structure. Other examples include 
the analysis of sharecropping with risk and 
incentive effects (for example, Stephen 
Cheung; Stiglitz, 1974); the choice of an 
optimum income tax structure (for example, 
Ray Fair; James Mirrlees, 1971, 1974, 1976; 
Eytan Sheshinski; Anthony Atkinson and 
Stiglitz; the analysis of insurance markets 
(for example, Kenneth Arrow; A. Michael 
Spence and Richard Zeckhauser; Mark 
Pauly; and Stiglitz, 1975c); the use of piece 
rates versus time rates in labor contracts 
(for example, John Pencavel, Stiglitz, 
1975b); the determination of the optimum 
tariff structure for utilities (for example, 
Martin Weitzman, 1974a; Spence, 1975); 
the analysis of education as a screening de- 
vice (for example, Spence, 1974; Stiglitz, 
1975a); the question of using prices or 
quantities in planning (for example, Weitz- 
man, 1974b; Mark Roberts and Spence). 
We have gone into the nature of the com- 
mon structure of these seemingly diverse 
problems in Dasgupta and Stiglitz. 

We should perhaps emphasize that we 
have restricted ourselves to the pure tariff 
and the pure quota cases not only because 
of ease of calculation. There is in addition 
the question of whether it is reasonable to 
imagine a government announcing and ad- 
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ministering hopelessly complicated tariff 
schedules. Approximations to the optimum 
are therefore required, and it is this that is 
achieved by restricting the admissible set of 
tariff schedules to those that are simple in 
form. But still a fixed tariff may be unduly 
restrictive. One could well imagine, for ex- 
ample, that an appropriately chosen two- 
tier tariff structure would prove superior to 
the pure tariff rate ¢*. Formally, such a 
schedule would read ?(7) = 1, for J < J, and 
t(I) = t, for I > I; normally t, = t, for an 
optimum; that is, an optimum two-tier 
tariff would be superior to a single tariff 
rate. 
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Land and Zoning in an Urban Economy: 
Further Results 


By ELHANAN HELPMAN AND Davip PINES* 


In a recent paper, William Stull incorpo- 
rates zoning considerations into an urban 


model. The specific issue discussed in his. 


paper is the determination of the boundary 
between the manufacturing and residential 
zones. He assumes that the city is linear and 
its area exogenously subdivided into lots. 
The manufacturing zone includes the cen- 
tral lots, and the residential zones extend 
symmetrically from the manufacturing zone 
to the agricultural belt. 

` Zoning regulations which determine the 
boundary of the manufacturing zone are re- 
quired to control the negative neighbor- 
hood externality effect of manufacturing on 
households. For simplicity, it is also as- 
sumed that these negative external effects 
increase with the proximity of residential 
location to the boundary of the manufac- 
turing zone. ! 

Stull elaborates on the optimal zoning 
regulations which maximize the total reve- 
nue of a developer who owns all the land 
of an open city. Thus, the utility level of 
the population, which is assumed to be 
homogeneous, is exogenously given. The 
same is true with regard to the price of the 
product produced in the manufacturing 
zone. 

When the developer extends the bound- 
ary of the manufacturing zone further 
away, the effects on his total revenue are the 
following: First, he loses the residential rent 
of the lots transferred from residential use 
to manufacturing. 

‘Second, the negative neighborhood ex- 


*Department of economics, Tel-Aviv University, 
and department of econom:cs and Center for Urban 
and Regional Studies, Tel-Aviv University, respec- 
tively. 

lIn general, an external effect such as pollution de- 
pends on the level of concentration, which in turn de- 
pends on the level of activiy of the polluting source 
and the distance of the damaged activity from the 
source, 
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ternality effect increases in the residential 
zone. Thus, given their utility level, house- 
holds should be compensated by lower resi- 
dential rent; otherwise they migrate to other 
cities. Consequently, total proceeds from 
residential rent decline. 

Third, households located at the very 
boundary of the city, who already pay zero 
rent, migrate to other cities. Otherwise their 
utility level will be lower than what they can 
realize elsewhere. This reduces the supply of 
labor and increases the wage rate. Thus, the 
bid price for manufacturing lots, which is a 
decreasing function of the wage rate, de- 
clines too. Therefore, total revenue from the 
initial manufacturing zone decreases. 

Fourth, the developer gains «additional 
revenue which equals the manufacturing bid 
price of the lots transferred from residential 
to manufacturing uses. 

The developer tends to extend the bound- 
ary of the manufacturing zone as long as 
the fourth (positive) effect exceeds the sum 
of the first three (negative) effects. Stull 
shows that in the developers’ optimum, the 
producer's bid price for lots on the bound- 
ary of the manufacturing zone exceeds the 
households’ bid price for lots on the bound- 
ary of the residential zone by an amount 
which is equal to the money value of the 
total negative neighborhood externality ef- 
fect of a marginal extension of the manu- 
facturing boundary.’ 

As we emphasized above, Stull’s analysis 
is confined to the case of a developer who 
owns all the land and maximizes his profits. 
In the last section of the paper, he turns to 
the community case: 


“Suppose we now drop the assumption 
that all land in the city is owned and 
controlled by a private developer and 


2The third effect is not reflected in this cost-benefit 
calculation since it is of a secondary order of magni- 
tude (see the discussion following equation (17)). 
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instead assume decentralized owner- - 
ship and community regulation. -Is-it 
reasonable under these circumstances 
to assume that the community will be- | 
have like the developer described above . 
and choose the manufacturing-residen- 
tial boundary point which maximizes 
aggregate land rent? This is in fact a 
complex question and one whose full 
exploration is beyond the scope of this 
paper.” [p. 346] 


. In our earlier paper, we analyzed optimal 
zoning regulations for a system of open 
cities (optimal in the sense of utility maxi- 
mizing). In this note, we show that Stull’s 
conditions for maximum revenue of the de- 
veloper coincide with the conditions of a 
social optimum. This implies that a social 
optimum. is attained when each local 
authority imposes zoning regulations so as 
to maximize the land value in its jurisdic- 
tion. 


I. A Restatement of Stull’s Model 


In what follows, we employ Stull’s nota- 
tion. 


A 
A household’s utility function is? 
(1) u = u(x,g,t,t — t*) 
where 


x = acomposite good 
q = land rented for housing 
t = the distance from the consumer’s 
`- residence to the urban center 
t* = the distance from the boundary of 
the industrial zone to the urban 
center 


We use x as a numeraire good, so that all 
prices are in terms of this good. 

Let R(t) be the rent paid ¢ miles from the 
center. Then, the compensated demand 
functions for the composite good and for 
land rented for housing are:* ` 


3Stull considers x as a vector, but our simplification 
is immaterial. 

4See Peter Diamond and Daniel McFadden for 
properties of compensated demand functions and the 
minimum expenditure function. 
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. x = x[1, R(t), t,t — t*,u] 
` -q = qll, R(t), t,t — t*,u] 


Using these functions we define the mini- 
mum expenditure function: 


(2) HİR(t), t,t = t*, ul = 
x[1, R(t), t,t — t*,u] 
+ R(Ðq[l, R(t), t,t — t*, u] 


u() gives the minimum expenditure in 
terms of x that a household needs in order 
to reach the utility level u while residing £ 
miles from the center. From properties of 
the compensated demand functions, we 
have: 


(3) My = q 
(4) H3 


where a = the marginal utility of income 


-ufa 


Given income y, an alternative utility 
level u, and the boundary of the industrial 
area at t*, a household which resides ¢ miles 
from the center is willing to pay at. most 
m(t; y,t*,u) units of x per unit of land in 
order to remain at its location. Hence, the 
m(_) function is implicitly defined by 


(5) ulm(t;y,t*,u),t,¢ — t*,u] + h(t) = y 


where A( ) = household transportation 
cost function. Equations (3), (4), and (5) 
imply 


(6) dm/at* = u3/q = —~u4,/(æq) 
(7) amfdy = 1/q 


It is easy to see that Stull’s multiplier À 
equals 1/(aq). Hence, (6) is consistent with : 
Stull’s equation (12). 

Observe, however, that our formulation 
differs from Stull’s in that we do not assume 
(as he did) that the residential zone is exoge- 
nously subdivided into equal lots. We let 
the household choose any desired lot at 
the going price. This seems to us a more 
reasonable specification, although our main 
result does not depend on it. ` 

Now, if g(t) is the amount of land rented 
by a single household ¢ miles from the cen- 
ter, and.q(t) is total usable land ¢ miles from 
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the center, then’ n(t) = g(t)/q(t) is the 
number of households which reside ¢ miles 
from the center and 


p 
© N= f 0 

1* 

qll, m(t; y,t*, u), t,t — t*, u] dt 


is total population, which equals labor sup- 
ply (t’ is the city’s boundary). 


B 
Let the production function be 
(9) Z = F[L(t), q(t) 


It takes k(t) units of the composite good to 
ship one unit of the composite good from 
its production point ¢ miles from the center 
to the center. Given the wage rate w, the 
maximum rent per unit land that a firm oc- 
cupying a ring at ¢ is willing to pay (i.e., its 
bid prices) is: *7 


(10) M(t, w) = 
max{[1 — k(t)] FIL, q(t)] — wL}/q(t) 


Let L(t, w) be the solution to the right- 
hand side of (10). Then we have 


(11) [1 — kA@)AIZG@, w), g) = w 


(12) M(t,w) = {[l — k(O FILC, w), gC) 
a wL(t, w)}/q(t) 


Equations (11) and (12) imply® 
(13) 0M/dw = —L(t,w)/q(t) 
(14) OM/at = —k'(} FIL(t), q)I/a@) 


5In a linear city g(t) is fixed for every t. Stull 
assumed a linear city, but we allow for more general 
forms. 

SStull identifies income (y) with the wage rate (w). 
We argue in the next seccion that—from general 
equilibrium considerations—this identification is in- 
correct. 

7$ee Stull’s equation (21). 

8See Stull’s equation (24). Equation (14) is obtained 
by either assuming constant returns to scale and/or by 
assuming a linear city; i.e., G(t) = constant. However, 
(14) is not required for the derivation of our main 
result; it is presented here only for comparison with 
Stull’s equation (24). 
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C 


A household’s income is composed of 
wages and nonwage income. Hence? 


(15) y=w+z 
where z = nonwage income 


The equilibrium wage rate is determined 
so as to clear the labor market. The labor 
market-clearing condition is (see (8) and 


(11)) 
6 = i 
(16) N J L(t, w) dt 


N depends also on w, and (16), (15), and (8) 
provide an implicit solution for w. This 
solution depends generally on ¢* and t’, but 
this relationship is not needed to be known 
for our purpose. Let it be denoted by w( ). 

The developer takes the nonwage income 
z, and the utility level w, as given. He 
chooses t* and ¢’ so as to maximize 


J Mit, w( )] g(t) dt 


j 
+f mjit; w( ) + z, ¢*,u] g(t) dt 
1* 


The first-order condition with respect to ¢* 
is 


(17) M(t*)q(t*) = m(t*)q(t*) 
— [ om/at* q(t) dt 


_ l A i aM /awg(t) dt 
0 


2 dw 
+ f omj di) Sr 


Equations (7), (8), (13), and (16) imply that 
the last term on the right-hand side of (17) 
disappears. Hence 


(18) M(t*)gt*) = m(t*)qt*) 
D 
| am/dat* q(t) dt 
Fid 
For a linear city, (18) reduces to Stull’s 
equation (36). 


*Stuli assumes z = 0. See also fn. 6. 


-= 


VOL. 67 NO. 5 


II. Optimal Zoning: The Community Case 


Now consider a system of J cities which 
has to house an urban population of a given 
size. Each city has a basic structure as the 
city that was described in the previous sec- 
tion, but cities may differ in utility func- 
tions, production functions, household 
transportation functions, commodity trans- 
portation functions, usuable land functions, 
and alternative land costs.’° We denote by a 
superscript i, i= 1, 2,...,J, the relevant 
variables and functions for city i. 

The urban population is assumed to be 
homogeneous in preference, initial hold- 
ings, and productivity. In particular, each 
household has an equal share in each land 
dealing corporation. The land dealing cor- 
porations, which behave competitively, rent 
land from agriculture (possible at zero cost, 
as in Stull) and rent it out to urban users 
so as to maximize profits. All other eco- 
nomic agents are competitors too. 

Households choose their location, both 
within and among cities, so as to maximize 
utility. This implies in equilibrium equaliza- 
tion of the utility level across cities as well 
as within cities. 

Given this structure, what are the zoning 
regulations which maximize the common 
utility level? An answer to this question is 
provided in our earlier paper. It is shown 
there that optimal zoning satisfies 


(19) [1 ~ KF OF IL'(e®, w, ga*a 
— Lit*)* w FILL: tts w), gi(t* DN 
| as Ri(t*)g'(t*') 
g Í uŠĪR (t), t,t — t* ujn’ (e) dt 
ae o eee 


where R(t) is the urban rent gradient which 
satisfies: 


(20) w[R(t),t,¢ — t*5 u] + h(t) = 
el 2 eaehel Cr] 

ni(t) = gi(t)/q'll, Ra), t,t — 4*5] 

(the number of households that reside t 


wi + z, 


10Stul] assumes that alternative land costs for urban 
uses equal zero. 


E- KONFIG), gE) = 
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miles from the center in city i) and @ is the 
common maximal utility level. 

Equation (19) has a very simple cost- 
benefit interpretation. Suppose we consider 
an extention of city i’s industrial area 
boundary by a marginal unit. Then, the left- 
hand side of (19) represents the net addition 
to the city’s output that will result from this 
action.'' This is the benefit. The right-hand 
side represents costs, The first term repre- 
sents the alternative value of land that is 
transferred from housing and/or agricul- 
ture to industry. The second term represents 
the value of the increased neighborhood ex- 
ternality effect that results from the fact that 
each household now has to live closer to 
the industrial area. It equals the city house- 
hold’s aggregate willingness to pay for the 
prevention of the marginal change in the in- 
dustrial area’s boundary. 

Equation (20) imiplics that the rent gra- 
dient m(t;w' + z,t* m) equals R'‘(t) 
(see (5)), provided that the optimal values 
of w' + z, t*' and T are used in m( ). Ob- 
serve also that the wage rate may differ 


11T 9 see this, consider the following indirect produc- 
tion function (we omit the superscript į): 


f(L,t*) -faas f [1 = K@)) FIL(), GO) at; 
0 


i? 
J Li) dt = | 
0 


Then. it can be easily verified (by either direct calcula- 
tions or by an application of the Envelope Theorem) 
that: 


af (L,t*)/at* = [1 — KO) (FIL), ga) 
—L(t*) Fy [L0*), gE 


where Z(t) = the S value of L(t) and 
=the constraint’s multi- 
plier. This result can be ene follows. Suppose 
we add an additional ring of width dt to the manu- 
facturing zone. Output (net of shipment costs} in- 
creases by [i ~—k(t*)]F(L*), G(t*)]dt, if we reallo- 
cate labor in an efficient way. But this means that we 
take Lit*)de workers from other rings and put them to 
work in the new ring. We lose, therefore, the marginal 
output of these workers, which equals Ž(r*) X dt. 
Hence, the net increase in output is [1 — k(¢*)] FT L(t*), 
q(t*)}dt — L(e*)ddt = [1 — k(t*)FILO*), ga) - 
L(t*)F, [L(t*), HA More generally, given an 
aggregate production function (L, t*), the left-hand 
side of (19) should be ô f (L, 1*)/3t*. 


such that 
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among cities, but the nonwage income 
should be the same in each city. The non- 
wage income is equal to total rent plus net 
pure profits divided by the total number of 
urban population (see the authors). 

Now, from (6) we obtain q(t) dm(t)/ 
or* = p,(t)n(t). Hence, (18) and (19) are 
identical if 


(21) M(t, w)q(t) = 
[1 — kK@){FILG, w), 9) 
ag L(t, w) F [L(t, w), q(t)}} 


But from (11) and (12) it is clear that (21) is 
satisfied. Hence, land value maximization is 
efficient from the social point of view if the 
developer (or for this purpose the local 
authority) uses the bid prices for land that 
were specified by Stull; provided, of course, 
that the nonwage income is properly ac- 
counted for. 

This result is in line with recent findings 
of Pines and Yoram Weiss. They showed 
that in an open city without production, the 
marginal benefit of a policy measure is fully 
reflected in the city’s total land value in- 
crease, where competitive prices are used to 
calculate land values, This implies that land 
value maximization is the appropriate 
policy criterion in this setting, provided that 
the policy itself is costiess (as in the case of 
zoning). 

The Pines-Weiss result can be generalized 
as follows. It can be shown that in a more 
general setting—-where production, for ex- 
ample, also takes place—the marginal bene- 
fit of a policy measure is fully reflected in 
the city’s total pure profits increase, where 
pure profits consist of pure rents (or profits 
of land dealing corporations) and profits 
from production. This means that for over- 
all efficiency, an open city should choose its 
costless policy measure so as to maximize 
the city’s pure profits, and that it should 
choose its costly policy measures (like the 
provisicn of public goods) so as to equate 
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the marginal increase in pure profits with 
the marginal cost of the policy measure. 
This is indeed done by Stull’s developer. Al- 
though the developer maximizes land values, 
his procedure is equivalent to total profit 
maximization, since the producer’s bid 
price for land consists of the marginal prod- 
uct of land plus pure profits per unit land. 
Hence, the developer’s total land value 
comprises, in fact, pure rents plus pure prof- 
its from production, and this has indeed to 
be maximized in order to assure efficiency. 

Competition fails to generate an efficient 
allocation because it fails to internalize the 
neighborhood externality effect, which can 
also be looked upon as a negative external- 
ity of producers on land dealers. In this case 
total profits are not maximized. 

Finally, it is worth noting that there is an 
assymmetry in Stull’s developer’s treatment 
of households and firms. When calculating 
bid prices the developer takes away from 
firms the producer’s surplus while he does 
not do it with respect to households. Were 
the developer calculating the households’ 
bid price so as to include the consumer’s 
surplus, the resulting zoning would not be 
efficient. 
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Pareto-Desirable Redistribution in Kind: 
An Impossibility Theorem 


By GEOFFREY BRENNAN AND CLIFF WALSH* 


In recent years there has been a con- 
siderable, and growing, interest in the possi- 
bility of applying the familiar Paretian wel- 
fare framework to questions of income 
redistribution. In contrast to the more tra- 
ditional treatments of redistribution in 
which “donor-taxpayers” are taken to be 
characteristically unwilling participants in 
the redistributive process,! the central ob- 
servation in this new approach is that redis- 
tribution may for a variety of reasons yield 
benefits to donors as well as to recipients. 
Thus, donor-taxpayers may have philan- 
thropic inclinations towards the poor; or 
they may contribute to transfer programs as 
a way of insuring themselves against future 
income loss; or they may seek by redistribu- 
tion to avoid the social and political unrest 
associated with large inequities in the in- 
come distribution.” 

One of the implications of the Paretian 
perspective on distributional questions, 
with its focus on donor-taxpayer pref- 
erences, has been to raise questions about 
the form which interpersonal transfers 
should take. In particular, the traditional 
view that redistribution should be effected 
in a lump sum manner (or the feasible best 
approximation to it), so as to avoid distort- 


*Senior lecturer and lecturer in public finance, 
Australian National University, respectively. The final 
version was prepared while Brennan was a visiting 
research associate at the Center for Study of Public 
Choice, Virginia Polytechnic Institute and State Uni- 
versity. We are grateful to an anonymous referee for 
helpful comments. 

iThe redistribution involved might be viewed as 
either arising out of the manipulations of some “‘eth- 
ical observer,” or simply emerging as the result of a 
zero-sum game between income classes in the political 
arena: but in all cases donor-taxpayers are taken to be 
made worse off by the transfer process. 

2Analysis and discussion of the basic philanthropy 
model can be found in Harold Hochman and James 
Rodgers (1969), George von Furstenberg and Dennis 
Mueller, and in the authors. Other cases are con- 
sidered in Brennan (1973, 1975). 
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ing the choices of recipients, seems to have 
given way to the view that in many cases re- 
distribution in kind (of the per unit subsidy 
type) may be required because donor-tax- 
payers may not be indifferent as to how re- 
cipients spend the transfers they receive.’ In 
fact, it has become more or less customary 
in the literature to distinguish quite sharply 
between generalized philanthropy on the 
one hand and specific commodity interde- 
pendence on the other as alternative types 
of justification for redistribution; indeed, in 
large measure the two approaches have de- 
veloped independently.* Thus, as the litera- 
ture now stands, the Pareto-desirable redis- 
tribution possibility appears to be firmly 
and equally supported by the twin pillars of 
general and specific forms of interde- 
pendence. 

Our objective in this brief note is to 
demolish one of these pillars. Specifically, 
we argue that, for all intents and purposes, 
there is no such thing as Pareto-desirable 
redistribution in kind—that whether the 
position taken on income redistribution is 
Paretian or not, the appropriate form of re- 
distribution is lump sum. 

Ai the outset it should perhaps be em- 
phasized that when we refer to redistribu- 
tive activity as being ‘Pareto desirable” (or 
more loosely, “Pareto optimal”), we mean 
that redistribution is required by the Pareto 
criterion. We would distinguish sharply be- 
tween redistribution which is Pareto de- 
sirable in this sense, and that which is 
merely consistent with the Pareto criterion. 


3Throughout this paper “in-kind distribution” is 
defined as redistribution which induces a substitution 
effect. As is widely acknowledged, noncash transfers 
do not always satisfy this requirement. 

4References to the former approach are to be found 
in fn. 2. For the latter approach the relevant works 
include James Buchanan (1959, 1968), Edgar Olsen 
(1969, 1971), Rodgers (1973), George Daly and Fred 
Giertz (1972, 1976), and George Peterson. 
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To clarify this distinction, we should note 
that it is possible to make interpersonal 
transfers in association with any Pareto- 
desirable move and still leave everyone 
better off: what would be achieved would 
be a redistribution of the “gains from 
trade” involved in that move. But the redis- 
tribution in this case could not be described 
as Pareto desirable because it cannot in any 
way be regarded as necessary for the 
achievement of a Pareto optimum: it is 
simply an optional extra. 

If it can be agreed that what we are con- 
cerned about are situations in which effi- 
ciency considerations require redistribution, 
then we can characterize all Pareto-desir- 
able redistribution situations as being asso- 
ciated with an upwarc-sloping utility possi- 
bilities frontier over some range. Such an 
upward-sloping segment implies that, over 
that range, in order ta make one party (the 
donor) better off it is necessary to make the 
other party (recipient) better off as well. i 


I 


With this as background, consider first 
the situation that. appears to have been 
typically taken as providing the basis for in- 
kind redistribution—that in which donor- 
taxpayers have preferences relating to how 
“recipients” spend their incomes, including 
any transfers received. This is usually taken 
to imply that “donors” have a utility func- 
tion of the form: 


(1) Up = U(X}, Xb, ..., X53 Xb) 


where X} are goods consumed by D and 
Xh are goods consumed by R. 

Each recipient Ris taken to have a utility 
function which includes only goods con- 
sumed by himself, that is, 


(2) Ur = Ur(X R,- XR) 


Such a situation is of course nothing more 
nor less than a standard externality of the 
nonreciprocal type (as analyzed for example 
by Buchanan and W. C. Stubblebine). As is 


>This point is already widely accepted in the litera- 
ture. See, for example, Hochman and Rodgers (1969, 
p. 999) or Brennan (1975). 
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well known, optimality requires that R con- 
sume X! not at the point where 


(3) MRS®, y = MRT yy 


x 
but rather, where 


(4) MRS, y = MRT ın — MRS 


P, N 
XRX 


It is also well-known that the relevant sub- 
stitution effect needed to achieve (4) in R’s 
consumption can be effected via a subsidy on 
Xk, paid by D: hence, the redistribution 
possibility. But equally, (4) can in general 
be achieved via a tax on R’s consumption 
of all other goods (X4, ... XX), a fact which 
is also widely recognized in the literature.%’ 
In using the latter possibility, it may of 
course be necessary to ensure—in obedience 
to the Pareto criterion—that R is made no 
worse off. But the crucial point is that there 
is nothing inherent in this situation which 
ensures that R must be made better off—the 
Pareto criterion does not insist that redistri- 
bution in R’s favor should take place, and 
any “redistribution” which happens to 
occur cannot, therefore, be described as 
Pareto desirable.® 

To put the point a slightly different way, 


6Edward Mishan and Mark Pauly are perhaps 
particularly relevant in this context, though neither see 
the full implications of the point. 

TOf course, it is conceivable that the externality 
would still remain Pareto relevant even when R spent 
all his income on X}, in which case some redistribution 
to R might be said to be implied by (4). But such cor- 
ner solutions do not seem to be what the literature has 
had in mind, and in any case one can have doubts 
about their practical relevance. 

8There is actually a problem in determining how re- 
distribution ought to be defined in this context. Sup- 
pose that the externality is internalized by a subsidy 
paid by the “affected” to the “affecting” parties. It is ` 
obvious that the payment of this subsidy makes the 
affecting party (the recipient) better off. But it is not 
entirely obvious that this process can be appropriately 
described as redistribution. For when two individuals 
enter the market place to trade completely private 
goods, both (including specifically the poorer) are 
made better off—but do we (or should we?) refer to 
this trade as involving redistiibution? It would cer- 
tainly seem to be contrary to standard economic 
terminology to do so. Yet one of the things that the 
postwar externality literature has emphasized is that 
the process of internalizing standard externalities is 
exactly analogous to a trade of private goods (or of 
private property rights in the relevant asset). Thus, 
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i 


to use a Pigovian subsidy to achieve 


optimality (equation (4)) in this situation 


involves the creation of both an income 
effect and a substitution effect. Only the 
substitution effect is required to achieve 
optiniality, but only the income effect in- 
volves redistribution. Since the income 


_effect is not required by the Pareto criterion, 


the redistribution is not Pareto desirable.’ 
II 


Of course, it is possible to reformulate 
the situation so as to ensure that the income 
effect is necessary to achieve optimality. 
This can be done by incorporating into the 
donor-taxpayer’s utility function a general 
feeling of concern for R as well as a pref- 
erence about the way in which R spends his 
income. Accordingly, we have: 


(5) Up = Up (Xh,..., XJ; Xk, Ur) 


with R’s utility function as set out in equa- 
tion (2). Given that both the specific and the 
general utility interdependencies are Pareto 
relevant, this formulation is sufficient to en- 
sure that both a substitution and an income 
effect are required for optimality. Under 
certain circumstances, the substitution ef- 
fect and the income effect required for 
optimality would both be such as to be ex- 
actly satisfied by some per unit price sub- 
sidy arrangement. In others a rather larger 
(or rather smaller) income effect will be re- 
quired than can be conveniently achieved 
through a simple reduction of the price of 
X, to R. In all cases however some part of 
the redistribution involved will be required 
by the Pareto criterion rather than simply 
consistent with it; and this redistribution 
can be appropriately described as Pareto 





paying an individual to collect his own garbage, paint 
his house, feed his children or whatever, could be 
looked on in the same way as paying him for services 
provided specifically in the labor market. It is a neat 
semantic conundrum precisely how wages are to be 
distinguished from these other payments. Or are wages 
redistribution as well? 

9Put yet another way, there is nothing in the stan- 
dard externality situation which will ensure an up- 
ward-sloping segment in the utility-possibilities fron- 
tier over the relevant range. 
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desirable (or Pareto optimal or just “Pare- 
tian? as whim decrees). Such Pareto-de- 
sirable redistribution is of course the redis- 
tribution necessary to internalize the 
generalized concern which D has for R, in- 
dicated by the presence of Uz in D’s utility 
function. Any redistribution beyond this 
amount is either attributable to non-Pare- 
tian judgments about the distribution of 
gains from trade, or is a happy (or un- 
happy) accident—either way, it is not 
Pareto desirable. 

But ifit is the presence of Uz in D’s util- 
ity function, and that only, which gives rise 
to Pareto-desirable redistribution, then it is 
the internalization of that interdependence 
which determines the form which Pareto- 
desirable redistribution must take. And of 
course that interdependence can only be 
internalized via lump sum transfers. 

None of this is to deny the prevalence of 
standard externalities, or the need for 
changes in relative prices to internalize 
them. What is being denied is that any in- 
come redistribution involved in these relative 
price changes can be described as Pareto 
desirable. Pareto-desirable redistribution 
can arise only if income effects are required - 
for optimality: and, not surprisingly, in- 
come effects are achieved by income trans- 
fers. 

Thus, whether the perspective taken on 
income distribution is Paretian or not, it re- 
mains true that: 

(i) All specific good externalities of the 
standard type require substitution effects 
for optimality to be achieved; and 

(ii) Any redistribution required should 
be implemented in lump sum form. 


Hil 


In this brief note we have attempted to 
indicate that the standard formulation of 
Pareto-desirable redistribution in kind in 
the literature is seriously deficient. We have 
also sought to offer an alternative reformu- 
lation, which seems to us to capture the 
essential spirit of what the literature has had 
in mind. This reformulation involves donor 
concern for both the level of recipient con- 
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sumption of some perticular good and for 
the revipient’s well-being more generally. 
Unfortunately, under such a reformulation 
any Pareto-desirable redistribution must be 
effected in cash—the possibility of Pareto- 
desirable redistribution of an in-kind vari- 
ety is cbliterated! 

We should perhaps emphasize that we 
are not seeking to imply bv this that price 
subsidies (or redistribution in kind) cannot 
serve to make everyone better off, and 
hence that they cannot satisfy the Pareto 
test. What we are seeking to make clear is 
that such price subsidies have in general 
nothing to do with Pareto-desirable redistri- 
bution, and, in fact, that Pareto-desirable 
redistribution in kind is conceptually im- 
possible. 
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Comparing Utility Functions in Efficiency Terms 


What Kind of Utility 


or, 
Functions Do We Want? 


By BuRTON A. WEISBROD* 


This note considers a hypothetical experi- 
ment designed to give meaning to the con- 
cept of one “type” of utility function being 
“preferred” to another. In the course of 
presenting the outlines of such a conceptual 
experiment, the terms type and preferred 
will be defined. The conclusion—albeit at a 
quite abstract level—is that while there 
exists a class of preferences that are indeed 
noncomparable, as contemporary economic 
theory holds, there also exists a class of 
preferences that can be compared with each 
other. With respect to the latter class we 
find that there is a significant sense in which 
one set of preferences (and the expected 
consumption bundle associated with it) can 
be said to be preferred to another set of 
preferences (and the expected consumption 
bundle associated with it). That being the 
case, it becomes meaningful to talk about 


the efficiency or inefficiency of allocating . 


resources to shaping preferences. ! 
I. A Hypothetical Experiment 


1. Each participant, each prospective mem- 
ber of society, is asked to vote—that is, to 
express a preference—on whether he would 


*Professor of economics and fellow, Institute for 
Research on Poverty, University of Wisconsin-Madi- 
son. I want to acknowledge the helpful comments of 
Richard Dusansky, A. James Lee, Mancur Olson, 
Efraim Sadka, and Eugene Smolensky on an earlier 
draft. I want to give special thanks to Arthur Snow 
not only for his valuable comments on previous drafts 
but also for the many productive conversations we 
have had in the process of developing this paper. He 
has contributed significantly to it. 

lIn a recent paper Roland McKean characterizes 
contemporary thinking in economics on the non- 
comparability of utility functions: “Economies pro- 
vides no analytic framework for saying anything about 
the worth of alternative preferences ....’’ (p. 640). 

For some recent analyses of preferences as variables 
see Carl Weizsicker, M. McManus, and Amartya Sen. 
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prefer to live in a society with given re- 
source endowments in which everyone, in- 
cluding himself, had a type I or, alterna- 
tively, a type II utility function (to be 
defined below). 


2. Each participant is asked to vote from 
behind what John Rawis has termed a “veil 
of ignorance” such that he does not know 
the “initial conditions’ with which he 
would enter the society. At this “‘constitu- 
tional’ level he therefore has the average 
expectation of all miembers of the society as 
to how “well off’ he would be in material 
and nonmaterial terms in each “state” of 
society; a state is defined as the expected 
consumption bundle resulting from an eco- 
nomic system, with given resources and 
technology, in which people had a particu- 
lar type of utility function.? 


3. The participant is asked the following 
two conditional questions (or, in general, n 
questions, one for each type of preference 
function and accompanying state of society, © 
from which the social choice is to be made): 

(a) If you were in the type of society in 
which everyone, including you, behaved ac- 
cording to a type I utility function, and had 
the consumption bundle associated with 
that society, would you prefer to see a 
change to another type of society, in which 
everyone behaved according to a type H 
utility function and had the associated con- 
sumption bundle? 

(b) Conversely, if you were in a type II 
society, would you prefer to see a change to 
type I? 


2When I say that the participant has the “average 
expectation” of all members of the society I do not 
intend to imply that Rawls views the decision process 
in such probabilistic terms, (I am indebted to James 
Fishkin for suggesting this clarification.) 
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4. If and only if the answers to both these 
conditional questions (3a and 3b) were con- 
sistent in expressing a preference for either 
type I or II preferences would we conclude 
that ane type of utility function (and the 
associated consumption bundle) is preferred 
by that person. Otherwise the preferences 
would be deemed noncomparable. In other 
words, if a person prefers to be in a society 
in which everyone has one particular type 
of utility function (say type II) rather than 
another (say type I)—prefers it in the sense 
that he prefers the consumption bundle he 
would expect to receive in society II to the 
bundle he would expect to receive in society 
I, and he has this preference ordering no 
matter which type of utility function he uses 
as the basis for his evaluation—then he 
would be said to prefer a type II utility 
function (or a type II society) to a type I. 
This will be referred to below as the rule 4 
definition. 

Now consider two cases in which dif- 
ferent pairs of responses were given to 
‘questions 3(a) and 3(b): 


CASE A: The only difference between 
states I and II (i.e., between the types of 
utility functions from which a choice can be 
made) is that in I, everyone prefers eating 
meat to eating fish, while in state II, every- 
one prefers fish to meat. A person who en- 
visages himself being in state I, having a 
preference for meat, is asked (question 3, 
above! whether he would prefer to be in 
(i.e., would vote for) another society in 
which everything was the same except that 
he and everyone else preferred fish. There is 
no reason to believe, given the structure of 
this example, that a change would be pre- 
ferred. A person who is a meat lover would 
have no reason to want to become a fish 
lover, and vice versa, when, as proposed 
here, his decision is based only on an eval- 
uation of alternative consumption bundles 
that are feasible in the two types of soci- 
eties—for these bundles are the same. The 
two types of utility functions, differing only 
in marginal rates of substitution among 
privately consumed goods, are mot compar- 
able in that individuals, from behind a veil 
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of ignorance, would not prefer to change 
types of utility functions, no matter which 
they might initially have. Thus, in case I we 
would have the following answers to ques- 
tions 3(a) and 3(b): 

Ifin state I, then state I (and its expected 
consumption bundle) is preferred to state LI; 
and if in state II, then II (and its expected 
consumption bundle) is preferred to I. Ac- 
cording to rule 4, above, since the typical 
individual’s answers are not consistent, we 
would say that the two alternative pref- 
erences are noncomparable. 

This is the standard textbook case. The 
individual’s consumption possibilities are 
independent of the type of preference func- 
tion he and others have. There is no basis 
for proposing a voting rule for choosing 
among utility functions—at least no basis 
that relies on the weak ethical criteria that 
the new welfare economics has accepted. 


CASE B: The difference between type I 
and type II utility functions in Case B (re- 
ferred to here as I’ and II’ to distinguish 
them from the Case A situation) is that I’ is 
what we term a “private” type utility func- 
tion—each person i has a utility function 
that depends only on his own consumption, 
narrowly defined—u,; = uj(41;, auis -> -s Gni) 
—and II’ is what we term the “internalized” 
type utility function v; = Vigin Goi, --- nui 
z)—where z is an argument that relates to 
the real external effects (positive or nega- 
tive) of person i’s activities. For example, z 
might reflect the desire to be honest in deal- 
ing with other people, or a preference for 
not imposing littering costs on other peo- 
ple. 

A person choosing between societies with 
type I’ or II’ utility functions would recog- 
nize, assuming he were well informed, that 
in a society of persons with type I’ utility 
functions, some of the society’s scarce re- 
sources would have to be devoted to coping 
with the external diseconomies that narrow 


3Conversely, z might also reflect a desire to do harm 
to others, but a utility function reflecting such a pref- 
erence would not be one that internalized external 
effects. 
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self-interest together with nonzero enforce- 
ment and transactions costs will create. 
These diseconomies include, for example, 
pollution, litter, and failure of individuals 
to disclose information that would be val- 
uable to others but somewhat harmful to 
the discloser. 

By contrast, depending on the precise 
form of the type II’ utility function, the re- 
source costs of coping with (Pareto-rele- 
vant) external diseconomies would tend to 
be smaller, and as a result consumption 
possibilities would tend to be greater than 
in a type I’ society having the same initial 
endowments. Consumption possibilities are 
not independent of preferences. Thus, the 
following result is possible (but not neces- 
sary) as a statement of the answers to ques- 
tions 3(a) and 3(b): 

If in state I’, then state II’ is preferred to 
I’; and 

if in state II’, then state II’ is preferred 
to I’. 

This says that at the constitutional or veil of 
ignorance level, it is possible that each per- 
son would feel that (a) if he were in a society 
of people with narrow-type utility func- 
tions, he would prefer that all people, in- 
cluding himself, had internalized-type util- 
ity functions, for they would then engage in 
less behavior that generates real externa! 
diseconomies, with the result that his ex- 
pected consumption bundle would be 
“larger”; and (b) if he were in a society in 
which people had the internalized-type util- 
ity functions, he would prefer not to change 
to the type of society and the associated 
consumption bundle, in which private-type 
utility functions prevailed. Then according 
to rule 4 above, preferences of type H 
would be said to be preferred to those of 


type I. 
Il. Discussion 


Nothing in the preceding section implies 
that a type JI’ utility function and its ac- 
companying state of society is necessarily 
preferred to its type I’ counterpart. All that 
is being said is that because of the greater 
external costs in the type I’ world, and the 
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real costs of developing arrangements to 
internalize those costs, the type II’ utility 
functions might be preferred in the sense 
defined.‘ 

The rule 4 definition may be restated: one 
type of utility function is said to be pre- 
ferred (and, hence, comparable) to another 
if and only if the “base reversal” test is 
passed—that is, whichever utility function 
is utilized for evaluating the consumption 
bundles that would be expected in each type 
of society, the consumption bundle ex- 
pected from one particular type of society is 
preferred. We say that one type of utility 
function is preferred to another if, from be- 
hind a veil of ignorance as to which type of 
utility functions were to characterize the 
society, a typical person would choose as 
follows: (a) if he and other members of 
society were to be “dealt” utility functions 
of type II’, he would vote to retain that type 
of utility function; and (b) if they were 
“dealt” utility functions of type I’, the 
typical person would vote to switch to type 
II’ functions. t 

The evaluation of a person’s expected 
welfare under typè I’ or II’ conditions: is 
analogous to the evaluation of whether a 
“price level” is or is not “higher” at time 2 
than at time 1; if and only if the price level 
is higher at time 2 whether period | or period 
2 weights are used do we say that prices are 
unambiguously higher. Similarly, one type 
of utility function, and the expected con- 
sumption bundle it generates, may be said 
to be preferred to another, and the ex- 
pected consumption bundle it generates, if 
and only if (a) the two expected consump- 
tion bundles are different and (b) the same 
consumption bundle is preferred no matter 
which utility function is used to evaluate 
the two bundles. 

The distinction between the two types of 
utility functions that were compared in 


4Just as resource costs of coping with external costs 
would be smaller in a society with type II’ utility func- 
tions, so, too, resource costs would be smaller if indi- 
viduals with type I‘ utility functions were more stoic, 
and thus were relatively unaffected by the behavior of 
others, (This point was made to me by Susan Rose- 
Ackerman.) 
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Cases A and B, above, is that in Case B, one 
of the utility functions had the effect of sav- 
ing resources by internalizing costs that 
would not have been internalized without 
the utilization of scarce resources. In Case 
A, the two utility functions that were com- 
pared did not differ in their responses to 
external effects; they differed only in the re- 
source allocations that they implied as be- 
tween alternative consumption goods but 
did noi differ in the degree to which ex- 
ternal effects were internalized. 

It is not true that even in the Case B 
choices, the type II’ ucility functions would 
necessarily be preferred. People might pre- 
fer the type I’ utility function despite the 
result that the society it would imply would 
either have to bear the full cost of the ex- 
ternal effects, or else would have to use re- 
sources to deal with or prevent the privately 
efficient but socially inefficient actions that 
the narrow self-interest model (type I’) 
would produce. (Note, however, that every- 
one would not necessarily be better off in a 
: type II’ state even if the mathematically ex- 
pected outcome is greater for that state.)° 
The important conclusion is not that one 
type of utility function would be preferred 
to another, butt that it could be—that is, we 
, can meaningfully talk about, analyze, and 
indeed compare alternative utility functions 
and the states of.the world they imply. 
There is thus an important sense in which 
utility functions can be compared. 

If utility functions can sometimes be 
compared, and one tyne can sometimes be 
said to be preferred to another, then the 
means for affecting the kinds of utility func- 
tions that people have becomes, at least in 
part, a matter of resource allocation: how 


SIf some persons adopted internalized utility func- 
tions while’ others did not, the former group might or 
might nct actually be better off unless compensation 
were paid, but such redistributional considerations are 
separable from efficiency ccnsiderations. With respect 
to efficiency, the argument here is analogous to the 
conventional “second best” analysis; just as allocative 
efficiency is not necessarily enhanced when one sector 
of an imperfectly competitive economy becomes more 
competit:ve, so it is not necessarily efficient when one 
subset o7 the population adopts internalized utility 
functions. 
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much of its resources would it be efficient 
(in the Pareto sense) for society to allocate 
for the purpose of shaping utility functions 
if the alternative is devoting resources to 
pricing, taxing, subsidizing, and enforcing 
legal arrangements to deal with allocational 
inefficiencies resulting from noninternalized 
externalities? ° 

The quite abstract perspective of this 
paper can be given somewhat more con- 
creteness by considering the case of young 
children, whom we may consider as persons 
whose adult utility functions are yet to be 
shaped. Society can and does make deci- 
sions regarding the development of these 
utility functions. In effect we might assume 
that a child is born with a “blank” utility 
function, or that society acts as if that were 
the case. The education and the religious 
systems, for example, can be and are used 


to shape preferences. The argument of this 


paper is that, conceptually, such preference 
formation can, within limits, be analyzed 
within a conventional allocative efficiency 
framework. 


HI. Conclusion 


The customary proposition that one type 
of utility function cannot be compared to 
another within an economic efficiency 
framework is correct in general. This note 
has suggested, however, that despite the 
general noncomparability of utility func- 
tions, some can be compared and found to 
be preferred to others. In particular, indi- 
viduals’ utility functions that are of the “‘in- 


6Kenneth Arrow has implicitly recognized this in 
the context of the development of “‘ethical codes.” He 
has argued that, “... ethical codes can contribute to 
economic efficiency” (p. 317). He did not point out ex- 
plicitly, however, that the acceptance of ethical codes 
involves shaping or altering utility functions, and thus, 
to say that ethical codes can contribute to efficiency is 
equivalent to saying that some utility functions (those 
that reflect acceptance of certain ethical codes) are 
superior in efficiency terms to others. It is also equiv- 
alent to saying that it can be efficient to use resources 
for gaining acceptance of ethical codes and, thus, to 
shape utility functions. Arrow addressed his remarks 
to situations involving transmission of information, 
but his argument actually applies more broadly to all 
Pareto-relevant real externality situations. 
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ternalized”’ type, internalizing what would 
otherwise be external effects and thus saving 
‘resources, may be comparable with private- 
type utility functions, which disregard ex- 
ternal effects and thus imply smaller ex- 
pected consumption bundles. In short, some 
utility functions can be said to be preferred 
to others in the following sense: the ex- 
pected consumption bundle in a society of 
people who have one type of utility function 
may be preferred to the expected consump- 
tion bundle in a society of people who have 
another type of utility function—using a 
base-reversal definition of what is preferred. 
Insofar as such preferences exist, it can be 
efficient to devote resources to shaping util- 
ity functions. Such a use of resources is an 
alternative to regulatory and tax subsidy 
mechanisms for internalizing what would 
otherwise be Pareto-relevant external ef- 
fects.’ . 
Recognition of the possibilities of com- 
paring utility functions in conventional 
economic efficiency terms, and of shaping 
or reshaping utility functions as a poten- 
tially efficient alternative to taxes, subsidies, 


7“Shaping”’ utility functions is, thus, different from 
using instruments of the law to regulate conduct. On 
the issue of the normatively appropriate role of the 
law in the enforcement of “moral” values (which are 
often interpretable as involving external effects) see the 
controversy between Lord Patrick Devlin and Pro- 
fessor H.L.A. Hart (which builds on the earlier work 
of John Stuart Mill). (I am indebted to an anonymous 
referee for calling my attention to this literature.) 
Papers by Devlin, Hart, and others who participated in 
the continuing debate appear in a volume edited by 
Richard A. Wasserstrom. 
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or regulation, may permit expansion of the 
domain of policy statements that econ- 
omists can make within our familiar Pareto- 
welfare economic framework. It remains for 
additional research to explore the opera- 
tional means for determining preferences 
and the costs and benefits of changing them. 
The main point is that the injunction to 
avoid trying to compare preferences on 
grounds that it is “unscientific? has been 
overstated. Using a quite weak ethical 
criterion for defining when one preference 
structure can be said to be preferred to 
another, this note has suggested that there 
is a meaningful sense in which comparabil- 
ity is feasible, at least conceptually. 


REFERENCES 


K. J. Arrow, “Social Responsibility and Eco- 
nomic Efficiency,” Publ. Pol., Summer 
1973, 21, 303-17. 

R. McKean, “Spillovers from the Rising 
Value of Time,” Quart. J. Econ., Nov. 
1973, 87, 638-40. > i 

M. McManus, “Social Welfare Optimization 
With Tastes As Variables,” disc. paper, 
Univ. Birmingham, England, Jan. 1976. 

John Rawls, A Theory of Justice, Cambridge, 
Mass., 1971. 

A. Sen, “Behaviour and the Concept of 
Preference,” Economica, August 1973, 
40, 241-59. 

Richard A. Wasserstrom, Morality and the 
Law, Belmont 1971. , 

C. Weizsäcker, “Notes on Endogenous 
Change of Tastes,” J. Econ. Theory, Dec. 
1971, 3, 345-72. 


The Value of Time in Consumption and 
Residential Location in an Urban Setting 


By ODED HOCHMAN AND HAIM OFEK* 


Several economists have recently studied 
the location decisions of different popula- 
tion groups in towns where these groups 
are often classified according to income. In 
the context of a partial equilibrium model, 
for example, Richard Muth has argued that 
if housing is a superior good, high wage 
earners will live farther away from urban 
centers than will low wage earners; and his 
empirical evidence supports both the as- 
sumption and the conclusion.'! Margaret 
Reid and John Kain provide results cor- 
roborating, respectively, an income elas- 
ticity substantially greater than one and the 
predicted residential distribution of income 
groups. Using a specific general equilibrium 
model, Edwin Mills fcund that the location 
‘pattern was consistent with that of Muth, 
when the income elasticity exceeded one 
and wes indeterminate when it fell short of 
this figure. Finally, although Martin Beck- 
mann and A. Montesano assume away the 
income elasticity problem, their findings are 
not inconsistent with Muth’s theory. 

However, several recent empirical stud- 
ies? have estimated the income elasticity of 


*Visiting assistant professor of economics, Prince- 
ton University; and lecturer in economics, the Hebrew 
University, currently visiting Columbia University. 
This paper was written while we were research fellows, 
department of economics, University of Chicago, fi- 
nancially supported by National Science Foundation 
Grant ENV75-23397, and by the Rockefeller and 
Sloan Foundations. We are indebted to G. Becker, 
J. Heckman, E. Helpman, P. Linneman, D. Pines, 
M. Reid, T. W. Schultz, G. Stigler, and a referee for 
helpful comments and suggestions. None of the afore- 
mentioned are responsible for the views expressed in 
this paper or any remaining mistakes. 

lFurther evidence supporting the direct income- 
distance relation is provided in the Muth (1969) 
investigation of six cities. The empirical findings indi- 
cate that the simple regression coefficients of income 
on distance are positive and significantly greater than 
zero (at the 0.1 level) for all six cities. 

2See, for example, John Campbell and Barton 
Smith, Geoffrey Carliner, and R.K. Wilkenson. 
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housing to average about 0.7, a finding in- 
consistent with Muth’s theory and one 
which opens up the whole question of rela- 
tive residential location once again. 

It is accordingly the purpose of this paper 
to amend the Muthian theory reestablishing 
congruence between the model’s predictions 
and the empirical findings. The funda- 
mental amendment involves treatment of 
the time constraint in the framework of 
consumer choice. The value of time as an 
important cost of commuting and therefore 
an ingredient in the mechanism of residen- 
tial choice is generally both recognized and 
considered in analyses of location decisions. 
However, the value of time may also affect 
residential decisions through its role in the 
cost of consumption activities other than 
commuting. By neglecting the tradeoff be- 
tween housing and time in consumption net 
of commuting, most studies have over- 
emphasized the tradeoff between housing 
and commuting costs. By considering both 
tradeoffs, the present paper works both to 
correct the previous imbalance in the the- 
ory’s treatment and to indicate that under 
fairly plausible conditions high wage 
earners may still choose to reside farther 
away from urban centers even if housing is 
an inferior good. 


I. Individual Choice and Constraints 


Consider a typical individual assumed to 
maximize a utility function in two normal 
goods, H and Z, of the form 


(1) U = U(H,Z) 


where H is residential land as a proxy for 
housing (see Alonso, Muth (1969), and 
Beckmann), and Z is a composite com- 
modity. The household produces Z by com- 
bining market goods (excluding land) x, 
and time in consumption t (see Becker), in 


Yu 
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accordance with a linear homogeneous pro- 
duction function 


(2) Z = F(x,t) 
The respective cost function is given by 
(3) C = C(Z;p, w) 


where p is the price level of market goods 
and w is the wage rate (the price of time). 
The shadow price of the commodity Z is 
given by 


_ IC (7. 
(4) r= OZ (Z; p, w) 
In all that follows, p is assumed to be fixed. 


Hence, by the linear homogeneity of (2), 
a is a monotonically increasing function in w 


(5) nx = (ww) dr/dw > 0 
Moreover, since C/Z = C/Z 
(6) a-Z = C(Z;p,w) 


With the further standard simplifying as- 
sumption (see Muth, 1969, Beckmann, and 
Mills) that the only cost factor in transpor- 
tation is commuting time, the budget con- 
straint is given by 


(7) RH + C(Z;p,w) = w(T ~ D) + V 


where R is rent per unit of land, T is total 
time available to the household, V is non- 
earned income, and D is time spent in com- 
muting. Normalizing on T (T = 1), and 
substituting in (6), (7) can be rewritten 


(7) RH+nZ=w(l-—-D)+VvV 


The term D stands, therefore, for the pro- 
portion of time spent in commuting and 
may also be interpreted as a measure of the 
distance between the residential location 
and the Central Business District (CBD). 


H. Equilibrium in the Residential Ring 


Consider the environment as a system of 
cities in equilibrium with free and costless 
flow of population between cities. Consider 
also two groups of population, i = 1, 2, 
with the same utility function of type (1) 
above, but with different wage rates and 
nonlabor incomes. Thus, the overall equi- 
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librium utility levels in the system will be 
(8) U(H,, Z;) = u; i = 1,2 


where u;, the utility level of group i, is a 
parameter for all members in each popula- 
tion group at equilibrium. 

Thus, the utility function reduces to a 
single indifference curve for each type of 
population. Note that equal utility levels 
between cities does not necessarily imply 
equal wage rates. Without restrictions on 


` the generality, further assume that 


(9) uy > Uy 


Consider now a city in this system con- 
taining both types of population, and as- 
sumed as is standard, to be circular with a 
CBD of given radius e where the labor mar- 
ket is located. 

Each population group has its own bid- 
rent function, that is, the maximum rent an 
individual from that group is ready to pay 
in each location. Competitive equilibrium 
implies that the group residing in a given 
location is the one with the higher bid rent 
(see Alonso and Mills). 

Let R,(D) be the bid-rent function for 
population group i. For every D, R,(D) is 
determined by the solution to the problem 


(10) RAD) = Max R, (aio 
Z, H8 


subject to (7’) and (8). The first-order con- 
dition necessary for that maximization is 


H 
11 Ro ii 


i= [,2 

The properties of the bid-rent functions 
can be worked out as follows. Differentiat- 
ing the budget constraint (7') with respect 
to distance D results in 


(12) A,R; + RH; + 1,2; = —w; 
inl OOP 


where a prime above a letter denotes a par- 
tial derivative with respect to distance D. 
After differentiating totally (8) and then 
substituting in (11), the result is 


(13) R,Hj + 2,Z; = 0 i= 1,2 
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FIGURE I 


Solving from (12) and (13) for Rj, 
(14) Ri = —w,/H; < 0 i= 1,2 


reflecting the well-known spatial equilib- 
rium condition R; H; + W; = 0. This con- 
dition indicates that a household is in equi- 
librium when moving one unit of distance 
away from the CBD increases commuting 
cost by exactly the same amount it reduces 
housing cost. By further differentiating (14), 
noting that H’ > 0, 
Ri =7LHi>0 i= 


(15) F 


Equations (14) and (15) indicate that the 
bid-rent curves must be concave and de- 
creasing. Two typical bid-rent curves obey- 
ing these properties ate shown in Figure 1. 


Ly 2 


Ill. Relative Location Due to Difference 
in Nonearned Income 


Investigation of relative residential loca- 
tion due to differences in nonearned income 
can now: proceed. Consider two population 
groups with differen: levels of nonearned 
income, but equal in all other respects. Thus 


but V > V 


The presence of two population groups at 
equilibrium in the same city implies the 
existence of at least one intersection point 
between the two respective bid-rent func- 


(16) w, = w= Ww 


3See, for example, Muth (1969) and Mills. 
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tions. Consider then, such an intersection 
point Dy (see Figure 1), where R,(Do) = 
R,(D,). By (5) and (16) +, = m, and since 
His anormal good H, > H. Hence, sub- 
stitution of these relations into (14) obtains 


(17) | Ri] = w/H, < w/H, = | Ri! 


Namely, the bid-rent function of the poorer 
group is steeper in the neighborhood of the 
given intersection point. Since this particu- 
lar intersection point was arbitrarily chosen, 
this result must obtain in the neighborhood 
of any intersection point. Two outcomes 
follow: first, the bid-rent curves of the two 
population groups have one and only one 
intersection point; second, R; < R, fore < 
D < Dy, but R, > R for D< D < U, 
where Dy and U are the intersection point 
and the boundary of the town, respectively 
(see Figure 1). 

The first outcome indicates that a well- 
defined and unique dividing line between an 
inner residential ring and an outer residen- 
tial ring has been established in the frame- 
work of the given assumptions. The second 
outcome indicates that the bid rents of the 
wealthy dominate that market in the outer 
ring. Hence, this result follows:* 


COROLLARY 1: Two: local groups of 
population with different levels of nonearned 
income, but equal in all other respects, would 
tend to locate in the following order: the 
poorer group closer to the CBD, the wealthier 
farther away. 


IV. Relative Location 
Due to Wage Differentials 


Consider now two local groups of pure 
wage earners (with no other income aside 
from earnings) facing different wage rates, 
but equal in all other respects. In particu- 
lar, 


(18) w > wy but V, = V, = 0 
Substitution into (7') of V; = 0, followed 
by division by H; and substitution for w/r 


4This result is consistent with earlier findings of 
Becker and Muth (1969). 
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from (14), results in 

(19) R, + no = -Ril = D) i= 1,2 
Since Rj <0, —R} = | Ri|. Hence, by 
subtracting (19) for i= 2 from (19) for 
p= i, 

(20) ({ Ril - | R21) - D) = 


Z WZ 
R,-R By (pS cl ee 
(Ry ~ Ry) + (2A _ 822 


At an intersection point Də, at which 
R,(Do) = R(Do) = R, equation (20) can 
be expressed in a slightly different form: 
(21) ({ Ry] — [RDQ - D) = 

RO/Su, - 1/Sy,) 





where Sy, is the share of housing in total 
expenditure on consumption, that is, 


3 R;H; RA; 
( ) Mi R;H; -+ Tili w;(I ag D) 
i= 1,2 


From (21), it is clear that 


(23) IRI] ZIR] as Sy, S Sn 


ISa, > Sy, everywhere, then fore < D < 
Dy (.e., everywhere in the inner ring), 
R; < Ra, and for Dy) < D < U (i.e., every- 
where in the outer ring), R, > R,. If 
Sa, < Sy,, these inequalities are reversed. 
If Sy, = Sy, everywhere, the two bid-rent 


curves coincide and R, = R, everywhere. 
Note also that as long as Sy, # Sy, every- 


where, Do must be the only intersection 
point. 

A preliminary conclusion with respect to 
the residential distribution of wage earners 
then follows: 


COROLLARY 2: Two local groups of pure 
wage earners with different wage rates, but 
equal in all other respects, would tend to lo- 
cate in the following order: the group with 
the lower share of housing at each given level 
of rent will locate closer to the CBD; the 
group with the higher share will locate farther 
away. Equal housing shares, on the other 


(28) 
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hand, imply a mixed residential distribution 
of the two groups. 


Note that this is a refutable hypothesis 
for which direct data might actually exist. 
Indeed, the whole issue boils down to: the 
question of which group tends to consume 
a larger share of housing, and the following 
analysis attempts to.characterize the above 
result in more familiar terms. 

‘The second term on the right-hand side 
of (21) can be rewritten as follows: 


(24) 1/Sm = T/S 
ia = (1/Sp) a 


Usury 


+ eee pes Ue 
Usuy 
Defining the bracketed terms on the right- 
hand side of equation (24) as AT (the in- 
come effect), and As (the substitution ef- 
fect), respectively, allows equation (21) to 
be rewritten: 


(25) l 
(Ri) — [RDO — D) = R(AT + As) 


The sign of AJ is determined by the stan- 


dard definition of the income elasticity as 
follows: 


(26) ArS0 as #1 


where 7 is the income elasticity of H. Simi- 
larly, when 7, > 7, the sign of As is deter- 
mined as follows: 


OS y 


> 
(27) As £o as mme = 0 


ÔT gueo 
dR=0 , 

When m; = 72, As = 0. 

Let o stand for the Allen-Hicks elasticity 
of substitution of U, that is, 
_ dlogZ/H 

dlog R/* au-0 
dlog S2/Sx 

dlogR/« ayo 

Since Sy + Sz = ae solving for Sy in 

terms of S7/S, obtains 


i 
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I 
— Sz/Su+ 1 
Differentiating both sides of (29) with re- 
spect i0 m results in? 


G8 HDT 1) 


ar dU=0 T 
dR=0 


(29) Sy 


(30) 


Since all the variables on the right-hand 
side of equation (30) are positive, the sign 
of the expression depends on whether 
o & 1. Hence by (27) and (30) 


=0 iff e=] or 7, = m 
(31) As >0 if ao <1 
<0 if o> 1 


Table I sums up the results derived from 
equation (26). Corollary 3 follows immedi- 
ately. 


COROLLARY 3: Two groups of pure wage 
earners residing in the same city, differing in 
their wage rates but equal in all other re- 
spects, would tend to locate in the following 
way: 

a. High (low) wage earners will reside 
farther away from (closer to) the CBD than 
the low (high) wage earners if both the in- 
come elasticity of housing is greater than one 
(n > 1) and the elasticity of substitution be- 
tween housing and all other goods is greater 
than one (o > 1). 

b. High (low) wage earners will reside 
closer to (farther away from) the center of 
town than low (high) wage earners if both 
n < lando < 1. 

c. ifn = | and either € = | or T, = T3, 
a mixed residential distribution of the two 
groups will result. 


5The following steps are involved in the derivation 
of the right-hand side of (20): 
d l _  dSz/Sy) 


_—— = Sz/Sp+ I)? = 
dr Sz/Sy +i dz Sasat 





See 
E d(R/s) dlog(R/1) 
By substituting in the above equation (o— 1) from 

equation (23), we get (30). 


dx r 


a(Sz/Su) (R/T) _ Sy5Sz dlog (Sz/Su) 
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TABLE | 
Sign of (| Ri] - | R31) 
n<l n=] n>] 
o + + ? 
g= | + 0 ae 
? -5 un 


d. [feithern > | > corn <1 <ø, then 
the final outcome is indeterminant on the 
basis of qualitative information alone. How- 
ever for every a< l, there exists a 
noo) > l; dn(o9)/@09 < 0 so that if n > 
n(co), the high wage earners will live farther 
away from the center than low wage earners. 
In the same way for every no <1, there 
exists a a(n) > 1; da(m0)/d% < 0, so that 
a > o(no), then again high wage earners will 
reside farther away than low wage earners. 


V. Conditions under which the Substitution 
and Income Effects Hold 


Recent literature dealing with the relative 
location of different income groups has 
taken into account only the income effect. 
Muth and Mills, for instance, by not in- 
cluding time in consumption have implicitly 
assumed az, = m3. Their results, reflecting 
situations for which the income elasticity 7 
is the only determining factor, are con- 
sistent therefore with the three entries along 
the second row in Table 1. Beckmann and 
Montesano have assumed in addition a 
utility function with 7 = 1, and thus their 
results are equivalent to the special indif- 
ference case as stated in part c of Corol- 
lary 3 above (or the zero entry in Table 1). 

We may consider the wage effect to be a 
measure of the market productivity of the 
worker. If when market productivity in- 
creases, home productivity increases as well, 
then r, the cost of the consumption com- 
modity, may not change with w. In this 
case, since d7/d@w = 0, the substitution 
effect vanishes and the income effect is the 
sole determinant of residential location. 
This result is consistent with the traditional 
approach as argued by Muth and by Mills. 
In this case, high wage earners will locate in 
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the outer ring if the income elasticity of 
housing 7 is greater than unity, and will 
locate in the inner residential ring if ņ is 
less than unity. 

The relationship between market and 
home productivity depends upon the causal 
structure of those differences. According to 
Robert Michael, a high correlation between 
the two productivities is expected if the dif- 
ference in wage rates reflects personal abil- 
ity or general training and schooling. Mar- 
ket-specific training, discrimination, or 
random variation of wages, however, would 
lower the correlation and bring about 
strong substitution effects. 


VI. Adjustments in Response 
to Further Household Characteristics 


The formulation of the model is now ex- 
tended to cover differences in household 
size and composition. The budget con- 
straint (7') is generalized as follows: 


(32) RH + rZ = 
n(l — D)w +'mw' + cw" 4+ 


where n is the number of family members 
in the labor force; w their wage rate; m is 
adult members not in the labor force; w’ is 
the unit value of their time valued as a 
shadow price; and c, the number of children 
present in the household with w” the unit 
value of their time. The variables n, m, c, w, 
w’, w”, may be viewed as vectors if further 
breakdowns are desired. 

To see the modification implied by this 
generalization in our main results, substi- 
tute (32) for (7') and proceed with the same 
analysis, and calculations as in the simple 
model (Section IIT). Instead of (14), the gen- 
eralized version of this equilibrium condi- 
tion becomes 


(33) R' = —nw/H 


By substituting (33) into (32) and rearrang- 
ing, 
(34) ~R’ = R/(a — D)Sy 
where 


(35) a= 1 + mw'/nw + cw"/nw + V/nw 
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Comparing the bid-rent functions of two 
population groups (i = 1,2) at the intersec- 
tion point (R, = R, = Rand D, = D; = D), 


(36) | Rij - | Ri] = 


R ane ane a ee et 
(a, — D)Su, (a, — D)Su, 


Equation (36) is a generalization of (21) 
allowing for differences in family composi- 
tion and labor force participation of its 
members. Without such differences, a, = 
a, = | and all the results obtained in Cor- 
ollaries 2 and 3 follow straightforwardly. 
If ditferences in family characteristics do 
exist, a, = @, and further implications 
arise. 

For example, let us consider the effect of 
a larger number of earners in the household 
on its relative location. Consider a typical 
case of two groups (i = 1,2) of husband- 
wife families assumed to be identical in all 
respects except that in group one (i = 1), 
two members are employed in the CBD, 
whereas in the second group (i = 2) only 
one is in the labor force. 

From (35) 


A). oat 


Substitution of (37) into (36) results in 
the following corollary:°® 


6Let D be the intersection point of the two bid rents. 
If both households have exactly the same characteris- 
tics, they must be on the same indifference curve. This 
implies that w(1 — D) < w' < w so that q] > 7. Equa- 
tion (36) at D can be written as follows: 





[Ri | - [Ril = 
l l l l ay — Oy 
RR) [ E E 
(a; — D) SH, SH, Si, (a, — D){az — D} 
= ( As + ô 
a, -D 


a2 —~ A 


where 6 : í ); 0 
e re re 
Sy, \(a, — D)(az — D) 


As depends on the elasticity of substitution o alone: 
the income elasticity of housing 7 has no effect at all. 
Corollary 4’ can now replace Corollary 4: 


COROLLARY 4’: Let us consider two households iden- 
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COROLLARY 4: Households of working 
wives will reside closer to the CBD than 
households of nonworking wives, unless the 
share of housing consumed by the former is 
markedly larger than the share consumed 
by the latter. 


Coroliary 5 follows ir. much the same way.’ 


COROLLARY 5: Larger families will reside 
farther away from the center than smaller 
ones, unless the share of housing consumed 
by the latter is markedly larger than the 
Share consumed by the former. 


In practice, the mele is the provider in 
most single earner families. Therefore, the 
implications of Corollary 4 are that if shares 
are similar, the proportion of women em- 
ployed will be higher among those residing 
near the CBD than those farther away. In- 
deed, empirical findings by Kain indicate 
that higher proportions of female CBD 
workers in Detroit (1953) resided in nearby 
residential rings than did the proportions 
of male CBD workers. Similarly, the find- 
ings by Rees and Shultz indicate that the 
three predominantly female occupations 
show the shortest mean distance traveled to 
work among twelve selected occupations in 
Chicago (1963). 

The empirical findings of both Kain and 
Muth directly corroborate Corollary 5. A 
positive correlation exists between family 
size and the distance of residences from the 
CBD. 

The intuitive appeal of the findings in 
Corollaries 4 and 5 is also apparent. There 
is a tradeoff between commuting costs and 


tical in all characteristics, excep! that one has two 
earners and the other only one. Then there exists a 
ag>1 so that if o, the elasticity of substitution, is 
smaller than cg, the family with two earners will reside 
closer to the CBD. If o> eg this family will reside 
farther away from the center. If s = og, both house- 
holds will be indifferent about their relative locations. 


7In the cases where there are differences in house- 
hold size, the conditions for relative locations cannot 
be described in terms of elasticities, because the house- 
hold consumption production functions then differ. 
The difference in the respective prices of Z cannot be 
determined. 
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benefits from housing services, and while 
the costs of added distance from the CBD 
are related basically only to number of wage 
earners, the benefits from additional hous- 
ing services if shares are similar, are related 
to total family size. The existence of sizeable 
moving costs, however, indicates that 
households will make their location deci- 
sions according to planned family size in 
some foreseeable future rather than the 
actual number at any given moment. 

Equation (35) indicates that a higher im- 
puted price of children time w” will result 
in a greater a, so that distance from center 
and w” are positively related. Because the 
value of childrens’ time tends to increase 
with age,® the theory also suggests that 
households with older siblings would live 
farther away—unless sizeable moving costs 
again retard or preclude such movement. 

Finally, because differences in intergen- 
erational preferences will produce perma- 
nent differences in the imputed childrens’ 
value of time w”, families with a higher 
preference for child quality would tend to 
reside farther away from the center. In fact, 
suburbs have better educational services 
than their inner cities. Traditionally family 
migration to the suburbs has been explained 
by the desire for good education for chil- 
dren. The causation suggested by our argu- 
ment clearly runs in the opposite direction: 
it ascribes the better educational services to 
the demand for such services by the typical 
population that would reside in the suburbs 
anyway. 


8The major use of children’s time in modern so- 
cieties, particularly in urban areas where child employ- 
ment is very limited, is in producing human capital. 
The productivity of a person in this activity is believed 
to be positively correlated at each given point of time 
with previously accumulated human capital (see 
Yoram Ben-Porath). In this respect, families would 
tend to value the time of older children more than 
that of younger offspring. 
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Labor-Supply and the Payroll Tax: Note 


By ROBERT A. MOFFITT* 


In a recent paper in this Review, Duncan 
MacRae and Elizabeth MacRae perceived 
an important aspect of the labor-supply ef- 
fects of the payroll tax--namely, that the 
_ effect is crucially dependent upon the indi- 
vidual response to a “kinked” budget con- 
straint. However, their actual conclusions 
on the direction of the response need major 
qualification. In particular, they assumed 
that all responses would be marginal, when 
in fact the possibility of nonmarginal re- 
sponse is always present when non-linear 
budget constraints shift. This latter possi- 
bility makes the labor-supply response 
much more ambiguous. 

This is illustrated in Figure 1 (modeled 
after Figure | of MacRae and MacRae). 
The budget constraint before the imposi- 
tion of the tax is AB, giving the utility maxi- 
mizer a choice of any income-leisure com- 
bination along AB. After the imposition of 
the tax—composed of a marginal tax rate 
on earnings up to a maximum level of 
earnings E—the (disposable income) budget 
constraint is BDC. (Y, is the amount of 
nonlabor income.) At point D, the taxable 
maximum is reached. MacRae and MacRae 
assumed that an individual initially located 
above the maximum level (say, point /,) 
would relocate along CD, resulting in an 
increase in labor supply if leisure is a nor- 
mal good (the income effect); and that an 
individual below the maximum level (say, 
point /,) would relocate along BD, resulting 
in a decrease in labor supply if the substitu- 
tion effect dominates the income effect. 
However, although this would occur for 
marginal changes, nonmarginal changes are 
also possible: an individual initially at J, 


*Economist, Mathematica Policy Research. The 
comments of an anonymous referee are appreciated. 
This research was supported by the Department of 
Health, Education, and Welfare under Contract 
HEW-100-76-0073. The opirions expressed are those 
of the author and do not necessarily represent the 
views of the sponsor. 
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could relocate along BD, reducing labor 
supply; and an individual initially at JZ 
could relocate along CD, increasing labor 
supply. Both are possible and not in conflict 
with any of the assumptions (that leisure is 
a normal good or that the substitution effect 
dominates the income effect). Heuristically, 
imagine a shift from AB to CH, causing the 
individual at /, to definitely move to CD; 
a subsequent “pivot” of DH to DB could 
easily induce the person to relocate along 
DB. Or, imagine a shift from AB to BG, 
causing the individual at f, to definitely 
move to DB (under the assumptions); a sub- 
sequent pivot of DG to DC could easily in- 
duce the person to relocate along DC. Thus, 
the possibility of nonmarginal movements 
introduces more ambiguity than realized 
before.! 

. As a sidelight, note that the labor-supply 
effects of an increase in the taxable maxi- 
mum and of an increase in the tax rate— 
policy alternatives that are currently being 
considered to raise revenue—are both am- 
biguous for the same reasons. Figure 2 
shows an increase in the tax rate as causing 
a shift from BDC to BD'C’. Those initially 
below the maximum level may decrease 
labor supply (marginally) or increase it 
(nonmarginally), while those above the 
maximum level may increase labor supply- 
(marginally) or decrease it (nonmarginally). 
Figure 3 shows an increase in the taxable 
earnings maximum from £E to E’ as causing 
a shift from BDC to BD'C’. Although there 
is no response by those below the maximum 
(by revealed preference), those above may 
either increase labor supply (marginally) or 
decrease it (nonmarginally). The latter effect 
is likely to be stronger for this group than 


‘Empirically, nonmarginal responses are especially 
likely for working wives and other secondary workers, 
whose hours worked tend to be quite sensitive to these 
types of changes, Nonmarginal responses are probably 
less likely for prime-age males, but so are marginal 


-responses. 
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in Figure 2, since the below-maximum seg- 
ment has not fallen, but the direction of the 
net difference between the two cases de- 
pends upon the net direction of the response 
of those below the maximum in the tax- 
increase case. 

The uncertainty of labor-supply choice 
in the face of non-linear budget constraints 
occurs not only in the case of the payroll 
tax, but also in the cases of the federal in- 
come tax, many state income taxes, and 
virtually all income-maintenance programs. 
In the income-maintenance literature, the 
analytic problem has already been ad- 
dressed by Robert Hall, Jonathan Kessel- 
man, and Samuel A. Rea, Jr., who have 
shown that the labor-supply response to a 
change in a non-linear budget constraint 
can be determined if either the utility func- 
tion or true income and substitution effects 
are known. However, the formidable em- 
pirical problem of estimating either utility 
function parameters or income and substi- 
tution effects with data on workers actually 
facing non-linear budget lines has yet to be 
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solved (see works by the author and Ter- 
ence Wales for such attempts). However, in 
the literature on the incentive effects of the 
payroll tax, it does not appear that the 
analytic problem of non-linear budget lines 
has been recognized to the same extent, as 
indicated by the paper by MacRae and 
MacRae, and by other works on the same 
subject (see, for example, the article by 
Edgar Browning). 
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Peak Load Pricing with Stochastic Demand 


By DENNIS W. CARLTON* 


Recent articles (see Gardner Brown, Jr. 
and M. Bruce Johnson, and Michael Vis- 
scher) in this Review have analyzed peak 
load pricing under uncertainty. The prob- 
lem is to choose an output capacity and a 
price before the realization of stochastic 
‘demand. This scenario realistically de- 
scribes how many firms in toth the private 
and public sector operate. Familiar exam- 
ples include retail stores, manufacturing 
firms, restaurants, hotels, airlines, parks, 
and public utilities. Consistent findings of 
these models are that the socially optimal 
` price (defined as the price that maximizes 
expected surplus) should net exceed long- 
run marginal costs, and that expected prof- 
its should be negative. In the optimum, 
firms need to receive a subsidy to remain in 
operation. In this paper, I show that when 
uncertainty enters the demand curve in a 
multiplicative fashion, then under. plausible 
conditions, these findings are ‘completely 
reversed. In the optimum, price should ex- 
ceed long-run marginal costs, and expected 
profits will be nonnegative. In this opti- 
mum, no subsidization of firms is required. 
Finally, I comment on the appropriateness 
of using expected surplus as a criterion of 
social welfare and on the desirability of 
charging different prices to consumers. 

In peak load models, it is necessary to 
specify the stochastic structure of demand 
and the rationing scheme that results when 
there is excess demand. Brown and Johnson 
consider multiplicative and additive de- 
mand uncertainty. Their rationing scheme 
is one in which individuals with the highest 
willingness to pay wind up obtaining the 
goods. Visscher criticized this rationing 
scheme as being unrealistic. If prices do not 
clear markets, and recontract:ng markets do 
not exist, it does not follow that a rationing 


*Assistant professor, department of economics, Uni- 
versity of Chicago. I thank John Panzar for helpful 
comments. ` 
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scheme will be able to provide goods to 
those with the greatest willingness to pay. 
Moreover, if individuals have per capita 
demand curves, this rationing scheme would 
imply that an individual would only be able 
to satisfy his high consumer surplus de- 
mand. Visscher examined two different ra- 
tioning schemes, one where demand is satis- 
fied randomly and the other where those 
with the lowest willingness to pay wind up 
being served first. The first scheme might 
apply to a person trying to get a seat on an 
airplane. The second could apply to individ- 


uals waiting in line for tickets. If those with 


low value of time get to the line first, and 
have a low willingness to pay, then we ob- 
tain the second rationing scheme. In Vis- 
scher’s models, uncertainty enters the de- 
mand curve additively, 

The cost structure in these models is one 
of constant operating cost b, and constant 
capacity cost 8. Both Brown-Johnson and 
Visscher reach the conclusion that to maxi- 
mize expected surplus, the optimal policy is 
to charge a price p that is less than or equal 
to the long-run marginal cost b + 8. This 
means that the firm will necessarily make 
negative expected profits and therefore re- 
quire a subsidy to operate. (Since there is a 
positive probability that some capacity will 
not be used, a price equal to b + 8 will lead 
to negative expected profits.) 

This paper considers the two rationing 
schemes of random rationing, and rationing 
to those with the lowest willingness to pay 
for the case of multiplicative demand uncer- 
tainty.! The social welfare function is ini- 
tially taken to be expected surplus. For the 
random rationing scheme, the optimal price 
exceeds b + 8B, and expected profits equal 
zero. The firm requires no subsidy to re- 
main in business. In fact, provided there are 


LAs mentioned above, the third rationing scheme 
(rationing to those with the highest willingness to pay) 
was examined by Brown and Johnson for the case of 
multiplicative demand uncertainty. 


~~ 
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firms who compete with each other, it is 


possible that the market can be relied on to 
achieve this equilibrium. In the rationing to 
lowest value users, the optimal price again 
exceeds b + 8, but profits are now positive. 
A competitive market can achieve this de- 
sired price and output policy if taxation is 
used. Finally, it is argued that expected sur- 
plus may be a very poor indicator of social 
welfare, and that charging a single price to 
all consumers may be nonoptimal. When 
uncertainty about obtaining a product 
arises, consumers’ preferences for risk mat- 


ter. Consumers will trade off price and 


probability of obtaining the good. Only by 
pure chance will expected surplus capture 
these tradeoffs. For the case of identical 
consumers and the random rationing 
scheme, I state the conditions under which 
subsidization or taxation will occur in the 
socially optimal solution. With customers 
of different demand riskiness, it is not in 
general optimal to charge the same price to 
all. 


I. Random Rationing 


In this section, it is shown that with ran- 
dom rationing, the price that maximizes ex- 
pected surplus to society exceeds b + 6, 
and that at this price expected profits are 
zero. Let demand be D( p) = x(p)u, where 
pis price, x( p) is the nonstochastic compo- 
nent of demand, and u is a positive random 
variable with cumulative density F(u). As- 
sume that x’(p) < 0. One possible way to 
think of demand is that u measures the ran- 
dom number of customers while x( p) is the 
per capita demand curve. Let x~'(qg) be the 
inverse function of x(p). Let z = sx(p) be 
the capacity chosen. If D( p) > z, or equiva- 
lently u > s, then rationing occurs. Under 
the random rationing scheme, each unit of 
demand has an equal chance of being satis- 
fied. The random rationing scheme makes 
most sense in the case where all consumers 
have the same quantity demand for the 
product (for example, consumers demand 
just one seat on an airplane). (Consumers 
could, of course, differ in the price they are 
willing to pay for the product.) In this situa- 
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tion, random rationing implies that all con- 
sumers have an equal chance of being satis- 
fied in their demands. Under the random 
raticning scheme, the total expected sur- 
plus to society is 


(1) 
5 x(p) 
= ~l — 
S J alf x~ (q)dq bx(p)| dF(u) 
G x(p) 
+f zalf Mada — bx(p)| dF(u) 


— Bsx(p) 
The first term is expected surplus when 
no rationing occurs, the second is expected 
surplus when demand exceeds available 
capacity, and the last term is the capacity 
cost. We wish to maximize S with respect to` 
p ands. For purposes of this paper we need 
consider only @S/dp.” Setting dS/dp to 
zero, we obtain 


[ ` ulx'(p)(p ~ 6)|dF(u) 


+ [seve ~ HidFw) 
— Bsx'(p) = 0 


` 


or since x’ (p) # 0 


(2) (p-b) l I E J «dF(u 
— Bs = 0 


Introduce the following notation: 


3) = : if udF(u) + J. sdF(w) = 
L fo — s)dF(u) sc l 


Solving (2) for p and using (3) and the fact 
that J > 0, we obtain the result that the 


2We make the usual assumption that the second- 
order conditions for an interior maximum are satisfied. 
If we wished to determine the optimal capacity and 
price, we would need to consider the first-order condi- 
tion dS/ds = 0. It is possible for the optimal capacity 
to be either above or below that of the riskless world 
for the situations considered in this paper. 
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optimal price satisfies 
p=B/Il+5>6+4+6 
Notice also that expected profits are simply 


(4) = (p — b)x(p} 


: ih udF(u) + s F ar) — Bsx(p) 
A als 


The first integral in (4) is related to revenue 
when demand is less than capacity, while 
the second integral is related to revenue 
when demand exceeds capacity. Comparing 
(2) to (4), it is clear that (2) implies that 
expected profits are zero in the social opti- 
mum. 

Price exceeds deterministic long-run mar- 
ginal cost in this optimum, Despite the di- 
vergence between price and marginal cost, it 
pays to have some unused capacity, and to 
charge a high price. Unused capacity pro- 
vides the service of insuring that customers 
have some probability of satisfying their 
demand. Expected profits are zero even 
though p > b + 8, since the costs of unused 
capacity must be recouped. 

As mentioned in the introduction, there 
are competitive type markets with this peak 
load structure. In such markets, goods have 
two relevant characteristics, their price and 
the probability they are available. Firms 
will compete with each other by offering the 
best package (price, probability) until their 
expected profits are driven to zero. Con- 
sumers have preferences between these two 
attributes. If consumer preferences are iden- 
tical and are adequately represented by ex- 
pected consumer surplus, then competing 
firms will reach the optimum described 
above. For a proof of this result and more 
details on competition under inflexible 
prices and stochastic demand, see my refer- 
enced papers. l 


II. Rationing to Those with 
Low Willingness to Pay 


If value of time is correlated with willing- 
ness to pay, then a rationing scheme in 
which those with low willingness to pay 
wind up being served first may be realistic, 


DECEMBER 1977 


especially when queuing is necessary. I 
show that for this rationing scheme the 
optimal price exceeds b + 6, and profits are 
positive. 

For this rationing scheme, expected sur- 
plus is 


5 x(p) 
S = J uf x(q) dq — bx(p) dF(u) 
0 Lo 
æ x(p) 
+ J [e J ; x(q) dq 
s x(p) E2 
- b Ș XCP) | AFOD ~ Bsx(p) 
Setting 0S/dp to zero, we obtain 


[ " u(p — b)x"(p) dF(u) 


+ f upx'(p)dF(u) — I bsx'(p) dF(u) 


- f u HES pte'(n dF) 
~ Bsx'(p) = 0 


where p* is a function of u, s, and p, defined 
by x(p*) = [(u — s)/u]x(p). Notice that if 
u > sthen p* > p. Rewriting the above and 
using the fact that x'( p) = 0 we obtain 


[ u(p ~ b)dF(u) 


+ (p) / (u — s)dF(u) 
psi I "dF(u 


— T (u — s)p* dF(u) — Bs = 0 


or 
5 ee 
(5) Í u(p ~ b) dQ) 
+ (pP -b)s f dF(u) - Bs 


+ [- (u — s)\(p — p*)dF(u) = 0 


-e 
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The last term in (5) is negative since 
p* > pover the range of integration. From 
(4), it is clear that the first three terms in 
(5) are profits divided by x(p). Therefore, 
it follows from (5) that profits are positive 
in the optimal solution. For positive profits, 
we must have p > b + B. 

In this optimal solution, firms should be 
run at a profit, no subsidization is neces- 


- sary. Since competitive markets compete 


profits away, achieving the optimal equilib- 
rium competitively using only one price is 
impossible without some intervention. Tax- 
ing away these profits would be one way to 
achieve this optimum in a competitive mar- 
ket. 


III. Consumer Preferences and 
Different Prices for Consumers 


When goods are not always available to 
consumers, the probability of obtaining the 
good becomes a characteristic of the good. 
Consumers will have indifference curves be- 
tween price and probability of obtaining the 
good. Calculation of the social optimum 
should take these preferences into account.? 
Using expected surplus as a measure of so- 
cial welfare is valid only if the indifference 
curves of consumers for price and probabil- 
ity coincide with equal expected surplus 
lines. In general, there is no reason to ex- 
pect this to occur. 

If expected surplus does not measure con- 
sumer preferences, what does the social 
optimum look like? This question is ex- 
amined in my forthcoming paper for the 
case of identical consumers, a random ra- 
tioning scheme, and multiplicative. demand 
uncertainty. The social optimum (i.e., the 
one which maximizes the expected utility of 
a typical consumer) will in general involve 
either subsidization or taxation of the firms. 
If the marginal utility of income is higher 
when a greater variety of goods are avail- 


3See Robert Meyer for a model which imposes 
exogenous requirements on the acceptable levels for 
probabilities, and then optimizes subject to these con- 
straints. 
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able, then subsidization occurs in the op- 
timum; under the opposite assumption, 
taxation of firms occurs. With no restric- 
tions on preferences, it is possible for opti- 
mal price to be either above or below 
deterministic long-run marginal cost. 

With different types of consumers, the 
optimal price depends on interpersonal wel- 
fare comparisons and on each individual’s 
riskiness of demand. Since demand uncer- 
tainty imposes costs on firms in the form 
of unused productive capacity, charging dif- 
ferent customers different prices according 
to their riskiness of demand is desirable, 
whether or not expected surplus is the ap- 
propriate welfare criterion. Presumably, the 
difficulty of identifying different risk classes 
explains why single price models have re- 
ceived most of the attention in the litera- 
ture on peak load pricing under uncertainty 
(Meyer presents a notable exception). 


IV. Conclusions 


This paper makes two points. With realis- 
tic rationing schemes and multiplicative 
demand, the operating policies which maxi- 
mize surplus to society involve nonnegative 
profits and a price above long-run marginal 
costs. This result contrasts sharply with pre- 
vious findings regarding peak load prob- 
lems. For many situations, multiplicative 
demand uncertainty seems more relevant 
than additive uncertainty. This is one rea- 
son why econometric equations are often | 
run in double-/og form. For the cases ex- 
amined here, no subsidization of firms need 
occur in the optimum. If a competitive 
market is possible, then competition, per- 
haps combined with taxation, can achieve 
the social optimum. 

The second point emphasizes that using 
expected surplus as the welfare function and 
charging the same price to all consumers 
may both be undesirable in analyzing peak 
load problems under uncertainty. The 
probability of obtaining a good is a charac- 
teristic of the good for which consumers 
have preferences. The social optimum 
should take these preferences into account. 
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There is no compelling reason why expected 
surplus should adequately represent these 
preferences. When customers differ in their 
riskiness of demand, they impose different 
costs on a firm and, if possible, it would be 
desirable to charge.customers according to 
their riskiness of demand. 
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Search in the Labor Market and 
the Duration of Unemployment: Note 


By ROBERT M. FEINBERG* 


In a recent article in this Review, John 
Barron presents an interesting theoretical 
analysis, extending the model of optimal 
job search to take account of the time re- 
quired “‘... to search firms for vacancies as 
well as the time it takes to search vacancies 
for suitable wages” (p. 934). He gives some 
evidence to show that the number of va- 
cancies in U.S. manufacturing v is inversely 
related to both the average duration of un- 
employment D and the average probability 
that a wage offer is accepted P. Moreover, 
he claims these data to be consistent with 
the theoretical model, without resorting to 
an assumption of faulty perceptions.' How- 
ever, Barron’s theory can be extended and 
more strongly confirmed by his data than he 
indicates; Barron does not obtain a the- 
oretical prediction for dD/dv, and hence is 
unable to establish a solid link between his 


theory and his evidence.” This note makes ` 


clear the assumption required for dD/dv to 
be negative and investigates the likelihood 
of this condition being met. 

In Barron’s model, the job seeker con- 
siders both the distribution of wage offers 
and the probability of receiving a nonzero 
wage offer (locating a vacancy) in deter- 
mining his search strategy. A minimum ac- 
ceptable wage offer (or reservation wage) a 
is determined by equating the marginal cost 
of searching one more period with the ex- 


*Assistant professor of economics, Pennsylvania 
State University. I would like to thank William R. 
Johnson and two anonymous referees for their helpful 
comments, and to acknowledge financial support from 
a doctoral dissertation grant (no, 91-51-75-43) from 
the U.S. Department of Labor, Manpower Admin- 
istration. 

The following analysis, as does Barron’s, ignores 
the possibility of an increase in average duration due 
to an unperceived decline in wage possibilities. Barron 
mentions this possibility as “Effect 3” but interprets 
the data as denying its importance. 

2That is, an empirical finding suggesting dD/dv > 0 
could also be consistent with Barron’s model as he 
presents it. 
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pected marginal return. This return is equal 
to the probability of receiving a wage offer 
in the next period @, times the expected 
wage gain if an offer is received. The proba- 
bility of receiving an acceptable wage offer 
in any period of search is equal to 0 P, where 
P is the probability of accepting a wage 
offer given that one is received; hence, aver- 
age duration of unemployment D is 1/6@P. 

The theoretical connection between D 
and the number of vacancies v is obtained 
by letting @ (the probability of finding a 
vacancy) equal vk/nq, where k is the num- 
ber of firms which can be contacted in each 
period of search, n is the total number of 
firms, and g is the number of occupations 
or types of labor in the economy. As v in- 
creases, the initial effect is to increase the 
probability of finding a vacancy; however, 
since the expected marginal return from 
search is now higher, the job seeker will 
adjust upwards his reservation wage—re- 
ducing his probability of accepting a wage 
offer. The net effect on the probability of 
receiving an acceptable wage offer (and, 
hence, on D) is not immediately obvious. 

In his Appendix, Barron derives @D/dv 
(this should be dD/dv) = —(nq/v*k) 
(1/P) — (aq/vk)((0P)/(av)/ P*). Extending 
his analysis, 


(1) dD/dv = —(A /P)(ng/vk)| l/v + SE) 
\ 


In order for dD/dv to be less than zero (as 
Barron finds his evidence suggesting), it 
must be the case that 


or jp > -l/v 


(2) ler ee z 
aeae 
P ðv 
That is, the elasticity of P with respect to v 


must be less than one in absolute value (if 
negative) for dD/dv to be negative. 


> =| 
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For the case of a finite time horizon and 
no discounting,? 


D -LO fw- a sonra 
(obtained by combining Barron’s equations 
(A4), (2), and (3)), where w is the wage of- 
fered, distributed with a density function 
f (w). Then 


- -(f(a)/P?) J ” (w - af (wdw 


The remainder of this note will consider two 
alternative functional forms for f(w), the 
rectangular (or uniform) and the normal, 
and show that the necessary condition 7 > 
—l is always satisfied.* 

The general rectangular distribution has 
the following density function: 


i/2m;forb-m<w<b+m 
©) Sw) “16 elsewhere 
Since 
b+ 
= = l 

©) P= | soar f -dw 

gak _ 

er [b +m — a] 
we can writea = b + m — 2mP. Then 

a)\ 

D an= -ED r ae} j œ = a sonaw 


b+m l 
tal f a Y" — aP 


] z (Bami 


— oP | 


2mP?\2m 2 

3Similar results are obtainable for the case of an in- 
finite time horizon and a positive discount rate. 

4While a general result could not be obtained for 
the Gamma distribution, two particular forms of this 
distribution were tried (one was a Chi-Square with 
four degrees of freedom) and the condition 7 >.—1 was 
found to hold for both. 
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8m? P? 


If w is normally distributed, N(x, 07), 
equation (4) becomes 


(8) y= — l Po i 
Povr 


P= f w eE an - a 


Letz = (w — u)/o, w = zo + p; dz = 
dw/o;dw = edz. Then, 


M er) 
(9) [ we *\° l dw = 
1 (zo + uje = adz 
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= pe ? 
Substituting (9) in (8) 
l fa—p\2 
ti) 
10 mw meme Ë 
(19): M Povir 
g? ar) , Pov?r a 
Povir Pov2r 


= — TOK fa) +u- a| 


For any value of a, f(a) and P can be cal- 
culated from standard statistical tables of 
the normal distribution. Then, 9 can be 
computed as shown in Table 1, and is seen 
to be a monotonically increasing function 
of P, always greater than —1.° 


5This is true for P at least as small as .005; and 
lower values of P would clearly seem irrelevant to any 
real world search situation. P= .005 implies the 
searcher’s reservation wage is set such that the average 
number of offers required before acceptance is 200 


(=1/P). 
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TABLE [—NORMAL DISTRIBUTION 


P a į 
005 u + 2.57160 —.94 
025 u -+ 1.960 —.88 
05 u + 1.6450 —.86 
I u + 1.280 —.84 

2 ut 840 -.79 
3 p+ .525¢ —.74 
4 ut 250 —.69 
5 u —.64 
6 u- 250 —,58 
7 u- 525¢ — 5] 
8 p- B40 —.42 
9 u — 1,280 —.29 


Note: P = probability of accepting an offer; a = min- 


imum acceptable offer; 7 = elasticity of P with respect 
to y (the number of vacancies). 


Hence, under two alternative and often 
used assumptions® (normal and rectangular 
distributions), Barron’s model implies dD/ 


6Note that the assumption of a symmetric wage 
offer distribution is more plausible in a model such as 
Barron’s than in earlier search models in which a con- 
centration of zero offers must be allowed to account 
for situations of no vacancies. 


FEINBERG: LABOR MARKET SEARCH 


1013 


dv < 0 instead of the ambiguous theoretical 
result he presents. An increase in the num- 
ber of vacancies y, increasing the probabil- 
ity of receiving a wage offer ĝ, will cause a 
less than proportionate decrease in the 
probability of accepting a wage offer P; the 
net effect will be to decrease the average 
duration of unemployment D. So, the em- 
pirical evidence he gives can be seen now as 
support for his theoretical model, rather 


than as merely suggestive of some unspeci- 


fied relationship between vacancies and 
duration of unemployment. 
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NOTES - 


The ninetieth annual mesting of the American Eco- 
nomic Association will be held in New York City, 
December 28-30, 1977. The Employment Center will 
be open from December 27-30. 


Anrual Meeting Employment Center 


The Employment Center at the 1977 annual meet- 
ings of the Allied Social Science Associations in New 
York City will begin operation on December 27, the 
day before sessions begin. Applicants and employers 
will be able to attend more sessions with a day set 
aside entirely for labor market transactions. This 
service will be located at the Convention Employment 
Center in the Americana Hotel. It will be open from 
10:00 A.M. to 5:00 P.M., December 27; 9:00 a.m. to 3:00 
P.M., December 28-29; and 9:00 a.m. to 12:00 noon, 
December 30. 


Because the 1978 annual meeting comes at an early 
date in the academic year (August 29-31), the Execu- 
tive Committee has decided to provide employment 
services at a later time. A job market will nor be 
organized for the August meeting in Chicago. The 
AEA will provide an organized market in December 
1978 or January 1979 at a site yet to be selected. Only 
one placement service will be provided during the 
academic year 1978-79, and it will be separate from 
and later than the annual mezting. 


Cail for Papers for tae 1978 Meetings 


Members wishing to give papers or make sugges- 
tions for the program for the meetings to be held in 
Chicago, August 29-31, 1978, are invited to send their 
ideas to Professor Robert Solow, Department of 
Economics, Massachusetts Institute of Technology, 
Cambridge, MA 02139. Although most of the sessions 
sponsored by the American Economic Association will 
consist of invited papers, there will also be several 
sessions of noneconometric contributed papers. (The 
sessions of contributed papers will not be published in 
the Papers and Proceedings issue to appear February 
1979.) Proposals for invited sessions should be sub- 
mitted as soon as possible. To be considered for the 
contributed sessions, abstracts of proposed (non- 
econometric) papers must be received no later than 
February I, 1978. Economists wishing to give papers 
on econometrics or economic theory may submit ab- 
stracts to the Econometric Society, which meets with 
the American Economic Association and annually 
schedules a substantial number of contributions. 
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Economists who are strongly oriented toward the 
humanities, who use humanistic methods in their re- 
search, and who will be -participating in meetings 
abroad that are concerned with the humanistic aspects 
of their discipline are eligible to apply for small travel 
grants of the American Council of Learned Societies. 
Grants are likely to cover only lowest cost excursion 
fares and will rarely exceed 50 percent of full economy- 
class fares. Specifically, economists may be eligible if 
(a) they deal with the history of economic thought or 
economic history, and (b) if their approach is qualita- 
tive and descriptive rather than quantitative and sta- 
tistical. Conferences dealing with the establishment of 
social policy or legislation are ineligible. The deadlines 
for applications to be received in the office of the 
American Economic Association are: meetings sched- 
uled between July and October, March 1; for meetings 
scheduled between November and February, July I; 
for meetings scheduled between March and June, 
November 1. Application forms may be obtained from 
C. Elton: Hinshaw, Secretary, American Economic 
Association, 1313 21st Avenue South, Nashville, 
Tennessee 37212. 


For many years the American Economic Associa- 
tion has considered the computerization of its mem- 
bership and subscription lists. These lists are now on 
the computer beginning with this issue of the journals 
(December). In the future it will be extremely impor- 
tant that a copy of your invoice accompany your pay- 
ments and a copy of your mailing label be sent with 
your changes of address. For details, see the Advertis- 
ing Section of this issue. If you have questions, please 
address them to the office of the Secretary of the 
Association. i 


The Joint Committee on Eastern Europe of the 
American Council of Learned Societies and the Social 
Science Research Council wishes to draw attention 
to its program of Grants for Postdoctoral Research in 
East European Studies. The deadline for receipt of ap- 
plication forms is December 30, 1977. Requests for 
information about this or other ACLS fellowships and 
grants programs should be addressed to Office of Fel- 
lowships and Grants, American Council of Learned 
Societies, 345 East 46 Street, New York, NY 10017. 


The 8.8. Huebner Foundation for Insurance Educa- 
tion, a nonprofit foundation affiliated with the Univer- 
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sity of Pennsylvania, is sponsoring its third annual 
research grants competition. The grants are intended 
to support research in the field of risk and insurance. 
Full-time faculty members at colleges and universities 
in the United States and Canada are eligible to apply 
for grants. Applicants should hold a terminal degree 
such as Ph.D. or D.B.A., a law degree, or be a fellow 
of an actuarial society. Among the general topic areas 
which will be considered for grants are insurance com- 
pany investment strategies, risk management, risk the- 
ory, consumer demand for insurance, health insurance, 
other methods of health care financing, social insur- 
ance plans and programs, international insurance 
problems and issues, insurance law, and insurance 
regulation. Grants are available from the Foundation 
in amounts up to $10,000. Proposals must be sub- 
mitted by March 1, 1978, and the grants will be 
awarded by May 1, 1978. Additional information re- 
garding the program can be obtained by writing to 
Dr. J. David Cummins, Research Director, S.S. 
Huebner Foundation for Insurance Education, W-133 
Dietrich Hall, University of Pennsylvania, Philadel- 
phia, PA 19174. l 


For the academic year 1978-79 Harvard Law School 
offers four or five Liberal Arts Fellowships to college 
and university teachers in the arts and sciences for a 
year at the Harvard Law School. The purpose of the 
fellowships is to enable teachers in the social sciences 
or humanities to study fundamental techniques, con- 
cepts, and aims of law so that they will be better able 
to use legal materials and legal insights which are 
relevant to their own disciplines, Fellowship holders 
will presumably take at least two first-year courses in 
law, in addition to more advanced courses, and will 
participate in a joint seminar. The year of study will 
not count toward a degree. The fellowship grant 
covers tuition and health fees only. Applications 
should include a biographical resumé (including aca- 
demic record and list of publications), a statement 
explaining what the applicant hopes to achieve through 
his/her year of study, and two letters of recommenda- 
tion (mailed directly to the Chairman from the ref- 
erees), There is no special application form, Applica- 
tions for 1978-79 should be submitted before January 
15, 1978, to the Chairman, Committee on Liberal Arts 
Fellowships, Harvard Law School, Cambridge, MA 
02138. Awards will be announced before February 15, 
1978, 


The Conference on Social Sciences in Health, an 
affiliated organization of the American Public Health 
Association, is composed of individuals from the so- 
cial and behavioral sciences and the health care field. 
The Conference provides an interdisciplinary national 
forum in which views of social and behavioral sciences 
are focussed on major questions in health and major 
issues of public policy in health. The Conference car- 
ries on its activities through scientific sessions and 
informal discussions at the annual meetings of the 
A.P.H.A. and a newsletter to its members, Informa- 
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tion on, or application for, membership with annual 
dues of $5.00 is available from Ms. Anne Cugliani, 
Three Park Avenue, New York, NY 10016. 


Mathematica, Inc. invites applications for the Oskar 
Morgenstern Distinguished Fellowship at Mathe- 
matica. The purpose of the fellowship is to enable a 
member of the academic or research staff of a univer- 
sity, an official of the U.S. government, or a researcher 
elsewhere, to spend a sabbatical leave at Mathematica. 
The fellow will be able to continue personal research, 
participate in Mathematica’s technical and scientific 
activities, review Mathematica’s project reports or 
technical work in his/her field, and will present two 
lectures, the “Oskar Morgenstern Lectures,” before 
Mathematica’s staff and guests. Recommendations, 
applications, and inquiries should be sent to Dr. Tibor 
Fabian, President, Mathematica, P.O. Box 2392, 
Princeton, NJ 08540 by October 15 of the academic 
year preceding the year of application. 


The Exxon Education Foundation has funds avail- 
able under its Economics and Financing of Higher 
Education Program to underwrite both research and 
pilot projects designed to develop an understanding of 
the full economic, social, and political consequences of 
proposed methods of financing higher education. The 
program’s aim is to stimulate the analysis by funding 
pilot demonstrations of untried methods of financial 
support. The approaches used to achieve these obiec- 
tives are grants to teams of competent social scientists 
to investigate, analyze, and compare the effects of 
funding procedures previously used or currently in use, 
and larger grants to consortia, educational organiza- 
tions, and public and private agencies to implement 
and study small scale applications of funding systems 
that are as yet untested. For information, write Exxon 
Education Foundation, 111 West 49th Street, New 
York, NY 10020. j 


New Journal 


The Indian Association for Research in Income and 
Wealth will publish The Journal of Income and Wealth. 
It will appear twice yearly in April and October, and 
be edited by Professor M. Mukherjee. For additional 
information, contact Mahinder D. Chaudhry, Depart- 
ment of Political and Economic Science, Royal Mili- 
tary College of Canada, Kingston, Ontario K7L 2W3. 


The Eastern Community College Social Science As- 
sociation will hold its 1978 conference at Grossinger’s 
Conference Center in Grossinger, New York, April 
2-4, 1978. The Program Chairman is Arnold Toback, 
Social Science Department, Dutchess Community Col- 
lege, Pendell Road, Poughkeepsie, NY 12601. 
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The Center for Defense Information announces a 
Junior Fellowship Program for advanced graduates 
who intend io devote a substantial part of their early 
professional careers to pclicy-related research. The 
program seeks to bridge formal academic preparation 
and project 2xperience by associating junior fellows 
closely with the Center’s staff and research objectives. 
For this reason, junior fellows will participate full time 
in Center activities and undertake projects compatible 
with the scope of its interzsts and publications, Ap- 
pointments should not be sought to pursue academic 
or degree requirements. Prospective junior fellows 
should have a recent Ph.D. or be reasonably close to 
completing degree requirements. Individuals at the 
M.A. level will be considered under exceptional cir- 
cumstances, such as unusual achievements or prior 
experience in relevant professional work. Applicants 
should have strong backgrounds in one or more of the 
following ‘areas: military studies, policy analysis, politi- 
cal science, public administration, law. For informa- 
tion, contact Dr. Robert M. Whitaker, Staff Director, 
Center for Defense Information, 122 Maryland Ave., 
NE, Washington, D.C. 20002. 


A newsletter to be called Lex/econ serving the law 
and economics discipline has been announced by the 
Law and Economics Center of the University of Miami 
School of Law. The first issue is scheduled for Decem- 
ber 1977. Lex/econ will carry announcements of forth- 
coming conferences, seminars, institutes, and other 
programs of interest to law and economics scholars, 
available manuscripts in circulation for criticism or 
already accepted for publication (but not yet out), and 
job openings and appointments in the field. The news- 
letter will also seek to call attention to speeches, 
papers, lecturzs, new books, and articles of interest in 
specialized publications. When possible it will report 
the availability of bibliographies. Letters and news an- 
nouncements are welcomed. Address Editor, Lex/ 
econ, Law and Economics Center, P.O. Box 248000, 
Coral Gables, FL 33124. 


Omicron Delta Epsilon, the International Honor 
Society in Economics, invites the submission of en- 
tries for the tenth year of the Irving Fisher Graduate 
Monograph and Frank W. Taussig Award Under- 
graduate Competitions. The Fisher Award consists 
of $1,000 and publication as a book by Princeton 
University Press, subject to approval of its editorial 
board. In addition, the winner will be invited to submit 
a paper based on the winning entry to the American 
Economic Review. The recommendations of the Final 
Selection Board of the Competition wili be considered 
by the Review in the refereeing process. All finalists 
will be invited to submit a paper for publication in 
The American Economist. The Taussig Award consists 
of $100 and publication in The American Economist. 
Entries for the Fisher Award should be submitted to 
Departmental Selection Committees by January 1, 
1978, and entries for the Taussig Award by May 15, 
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1978. They will be judged by the International Edi- 
torial Board and finalists by the Final Selection Board, 
consisting of Professors Frank H. Hahn, Dale W. 
Jorgenson, Robert M. Solow, Arnold Zellner, and 
Egon Neuberger (editor). Anyone interested in enter- 
ing the competitions should contact Egon Neuberger, 
Editor, Economic Research Bureau, State University 
of New York, Stony Brook, NY 11794. 


The Inter-University Consortium for Political and 
Social Research (ICPSR) is designed to facilitate re- 
search and instruction in the social sciences. The 
ICPSR provides: a central repository and dissemina- 
tion service for computer-readable social science data; 
training facilities in basic and advance methods of 
quantitative social analysis; and resources for facili- 
tating use of advanced computer technology. The 
ICPSR is a partnership between over 200 member 
academic institutions in the United States, Canada, 
and other nations, and the Center for Political Studies 
of the Institute for Social Research, University of 
Michigan. 

The data repository receives, processes, and distrib- 
utes computer-readable data relevant to over 130 
countries, The archive now includes almost 500 data 
collections. A comprehensive guide to data holdings 
and services is available on request. Examples of cur- 
rent holdings of potential interest to economists in- 
clude data on such topics as family income, surveys of 
consumer attitudes, behavior and finances, working 
conditions, technology and labor, and revenue sharing 
in addition to census, population, and income data for 
the United States and other countries. Students and 
faculty at member institutions have access to data 
without charge beyond the institutional membership 
fee. 

The ICPSR aids its members in efforts to eliminate 
barriers to utilization of computer technology, The 
staff provides information on developments in com- 
puter hardware, software, and data management and 
analysis packages. ICPSR disseminates an integrated 
package of computer programs (OSIRIS) which pro- 
vides extensive data management and analysis capabil- 
ities including tabulation routines, correlation and re- 
gression techniques, and more advanced multivariate, 
nonparametric, and dimensional analysis procedures. 
Inquiries about JC PSR, its data holdings, and services 
should be addressed to Executive Director, ICPSR, 
P.O. Box 1248, Ann Arbor, MI 48106. 


A World Congress will be held in Córdoba, Argen- 
tina, June 1978, devoted to the analysis of law, so- 
ciology, medicine, and economics of sports. It is part 
of the activities attendant on the World Soccer Cup. 
An economics section will be devoted to two topics: 
National Accounts—Contributions regarding the 
structure and participation of sport within the gross 
domestic product (methodological and empirical pa- 
pers); and Economic Analysis—Economic theory and 
sports: Microeconomic aspects (sports clubs’ be- 
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havior); the football (or any other sport) player; mar- 
ket structure and sport organization; and so on; 
Macroeconomic aspects consisting of analysis of the 
impact of sport activities on the economy (economic 
and sociopolitical and cultural effects); and empirical 
and comparative studies (among different activities 
and/or countries, or through time); the football (soc- 
cer) phenomenon, its economic implication, For fur- 
ther information, write to Professor Luis Eugenio Di 
Marco, University of Cordoba, Argentina. 


Cail for Papers 


The sixth annual Telecommunications Policy Re- 
search Conference will be held at Airlie House, Vir- 
ginia, May 10-13, 1978. The conference brings public 
and private policy makers together with researchers 
in all areas of telecommunications policy. The con- 
ference organizing committee is soliciting outlines of 
research papers that bear, directly or indirectly, on 
questions in these areas. Some of the submitted pa- 
pers will be chosen for presentation at the conference 
on the basis of the quality and relevance of the re- 
search. Travel and conference living expenses will be 
reimbursed if no alternative source of funding is avail- 
able. Please send abstracts, name, address, telephone 
number, and professional affiliations immediately to: 
Telecommunications Policy Research Conference 
Organizing Committee; c/o R. D. Willig, Bell Labora- 
tories, Holmdel, NJ 07733. 


The department of economics of the City College of 
the City University of New York will hold its annual 
conference on May 11, 1978, on the subject, “Law and 
the Economy.” Papers are invited on any aspect of the 
interaction of law and economics. Inquiries should be 
addressed to Professor Gerald Sirkin, Department of 
Economics, City College, City University of New 
York, Convent Avenue and 138th Street, New York, 
NY 10031. Papers delivered at the conference will be 
published in the sixth conference volume. 


Deaths 


Arthur Ford, associate professor of economics, 
Southern Illinois University, June 16, 1977. 

Jacob Marschak, University of California-Los An- 
geles, July 27, 1977. 

Oskar Morgenstern, chairman of the Board of 
Directors of Mathematica, Inc., July 26, 1977, 

Jim E. Reese, professor of economics, University of 
Oklahoma, Oct. 6, 1976. : 

Jack L. Robinson, professor of economics, Univer- 
sity of Oklahoma, Dec. 7, 1975. 


Retirements 


Julian H. Bradsher, professor of economics, Okla- 
homa State University, June 1977. 
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Harold W. Davey, professor of economics, lowa 
State University, May 31, 1977. 

Dwight P., Flanders, professor of economics, Uni- 
versity of Illinois, Aug. 1977. 

Charles P. Kindleberger, professor of economics 
emeritus and senior lecturer, Massachusetts Institute 
of Technology, July 1, 1976. 

Will E. Mason, professor of economics emeritus, 
Pennsylvania State University, June 30, 1977. 

Charles L. Merwin, deputy director, African De- 
partment, International Monetary Fund, July 1977. 

Ralph B. Price, professor of economics, Western 
Maryland College, June 1977. 

John Simpson, department of economics, Eastern 
Michigan University, June 1977. 

Randall S. Stout, professor of economics emeritus, 
Pennsylvania State University, June 30, 1977. 


Visiting Foreign Scholars 


Ernst Berndt, University of British Columbia: visit- 
ing scholar, Massachusetts Institute of Technology, 
Sept. 1, 1977. 

Tuvia Blumenthal, Australian National University: 
visiting professor of economics, University of Illinois, 
Jan. 1978. 

Beat Burgenmeier, University of Geneva: postdoc- 
toral fellow, Massachusetts Institute of Technology, 
Sept. 1, 1977. 

Ting-An Chen, Munster University, West Germany: 
visiting scholar, Massachusetts Institute of Technol- 
ogy, Sept. 1, 1977. 

Peter A. Cornelisse, Erasmus University, Rotter- 
dam: visiting associate professor, department of eco- 
nomics, Cornell University, 

Elhanan Helpman, University of Tel-Aviv: visiting 
associate professor, department of economics, Univer- 
sity of Rochester, July 1, 1977. 

Vesa Kannianien, Helsinki University: visiting as- 
sistant professor of economics, Brown University, 
1977-78. 

Shlomo Maital, Tel-Aviv University: visiting lec- 
turer, Woodrow Wilson School of Public and Inter- 
nationai Affairs, Princeton University, 1977-78. 

Grayham E. Mizon, London School of Economics 
and Political Science: visiting foreign scholar, Uni- 
versity of California-San Diego, fall 1977. 

Seiichi Ota, Fukuoka University, Japan: visiting as- 
sistant professor of economics, Brown University, 
1977-78. 

Poul Rasmussen, University of Copenhagen: visiting 
professor of economics, University of Ilinois, Jan. 
1978. 

Elke Schaefer, University of Saarbrucken, West Ger- 
many: visiting scholar, Massachusetts Institute of 
Technology, Sept. I, 1977. 

Avia Spivak, Ben Gurion University of the Negev, 
Israel: visiting assistant professor of economics, Brown 
University, 1977-78. 

Arne Dag Sti, Norwegian School of Economics and 
Business Administration: visiting scholar, Massachu- 
setts Institute of Technology, Aug. 1, 1977. 
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Menahem Yaari, Hebrew University: research asso- 
ciate, Massachusetts Institute of Technology, July 1, 
1977. - 


Promotions 


Jerald R. Barnard: professor, department of eco- | 


nomics, University of lowa, Aug. 1977. 

Larry G. Beall: associate professor of economics, 
Virginia Commonwealth University, Sept. 1977. 

Ashok Bhargava: associate professor of economics, 
University of Wisconsin- Whitewater, July 1, 1977. 

Michael D, Boehlje: prcfessor of economics, lowa 
State University, July 1, 1977. 

Stephen V. O. Clarke: senior economist, research 
and statistics function, Federal Reserve Bank of New 
York, June 1, 1977.° 

Warren T. Dent: professor, department of eco- 
nomics, University of Iowa, Aug. 1977. 

Arnold M. Faden: professor of economics, Iowa 
State University, Sept. 1, 1977. 

Allan M. Feldman: associate professor, department 
of economics, Brown University, July 1, 1977. 

Stanley Fischer: professo: of economics, Massachu- 
setts Institute of Technology, July 1, 1977. 

Margaret L. Greene: vice president, foreign func- 
tion, Federal Reserve Bank of New York, June 1, 
1977. 

Ann K. Harper: associate professor of economics, 
Western Maryland College, Sept. 1, 1977. i 

Paul L. Joskow: associate professor, Massachusetts 
Institute of Technology, July 1, 1977. 

Richard E, Kihlstrom: professor of economics, Uni- 
versity of Illinois, Aug. 1977. 

Jene K. Kloon: professor of economics, department 
of economics, Northern Illinois University, Aug. 1977. 

Ramon Knauerhase: professor, department of eco- 
nomics, University of Connecticut, Oct. 1977. 

Woo Bong Lee: associate professor, department of 
economics, Bloomsburg State College. 

Mukul Majumdar: professor, department of eco- 
nomics, Cornell University, Feb. 1976. 

Richard C. Maxon: professor of economics, Iowa 
State University, July 1, 1977. 

Robert P. Parks: associate professor of economics, 
Washington University, July 1977. 

Andrew Postlewaite: associate professor of eco- 
nomics, University of Illinois, Aug. 1977. 

Ronald E. Raikes: associate professor of economics, 
Jowa State University, July I, 1977. 

Raymond Riezman: assistant professor, department 
of economics, University of lowa, Jan. 1977. 

Anthony A. Romeo: associate professor, depart- 
ment of economics, University of Connecticut, Oct. 
1977. 

Richard Rosenberg: associate professor of eco- 
nomics, Pennsylvania State University, July 1, 1977. 

Stephen R. Sacks: associate professor, department 
of economics, University of Connecticut, Oct. 1977. 

Takamitsu Sawa: professor of economics, University 
of Illinois, Aug. 1977. 

John B. Shoven: associate professor of economics, 
Stanford University, Sept. 1577. 
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J. Kirker Stephens: professor of economics, Univer- 
sity of Oklahoma, Sept. 1, 1977. 

William C. Wheaton: associate professor of eco- 
nomics and urban studies, Massachusetts Institute of 
Technology, July 1, 1977. 

Robert N. Wisner: professor of economics, lowa 
State University, July 1, 1977. 


Administrative Appointments 


Morton S. Baratz: General Secretary of the Ameri- 
can Association of University Professors, June 14, 
1977, 

Henry N. Goldstein: professor of economics, depart- 
ment head, University of Oregon, fall 1977. 

James E. Jonish: chairman, department of eco- 
nomics, Texas Tech University, Sept. 1, 1977. 

Martin T. Katzman, Harvard University: head, 
graduate program in political economy, University of 
Texas-Dallas, Sept. 1977. 

Gerald M. Lage: interim chairman, department of 
economics, Oklahoma State University, May 15, 1977. 

Alton D. Law: chairman, department of economics, 
Western Maryland College, Sept. 1977. 

Woo Bong Lee: chairman, department of eco- 
nomics, Bloomsburg State College, June 1, 1977. 

Norman Mintz: deputy provost, Columbia Univer- 
sity, Aug. 1, 1977. 

J. Eugéne Poirier: chairman, department of eco- 
nomics, Georgetown University, July 1, 1977. 

Robert W. Resek: director, bureau of business and 
economic research, University of Illinois, Aug. 1977. 

Jules J. Schwartz, University of Pennsylvania: dean, 
School of Management, Boston University. 

Sheldon W. Stahl, Federal Reserve Bank of Kansas 
City: deputy governor, office of finance and research, 
Farm Credit Administration, Washington, D.C., Aug. 
1977. 

Stanley W. Steinkamp: vice chairman of economics, 
University of Illinois, Aug. 1977. 

J. Kirker Stephens: division director, department of 
economics, University of Oklahoma, Oct. 19, 1976. 

Bernard L. Weinstein: director, Southwest Center 
for Economic and Community Development, Univer- 
sity of Texas-Dallas, July 1977. 


Appointments 


„Roger Alcaly: economist, Banking Studies Division, 
Federal Reserve Bank of New York, Aug. 9, 1977. 

Susan Alexander: assistant professor, department of 
economics, University of lowa, fall 1977. 

William. T. Alpert: assistant professor of economics, 
Washington University, Sept. 1977. 

John Anderson, Claremont Graduate School: as- 
sistant professor, economics department, Eastern 
Michigan University, Sept. 1977. 

Robert Averitt, Smith College: visiting professor of 
political economy, University of Texas-Dallas, Sept. 
1977. 

Randall S. Bausor, Duke University: assistant pro- 
fessor of economics, Virginia Commonwealth Univer- 
sity, Aug. 1977. 
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Katherine C. Bazan: visiting assistant professor of 
economics, College of William and Mary, 1977-78. 

Gordon Bennett, Canadian Ministry of Natural Re- 
sources; assistant professor, economics department, 
Eastern Michigan University, Sept. 1977. 

Charles Bischoff, IBM: associate professor of eco- 
nomics, State University of New York-Binghamton, 
Sept. 1, 1977. 

Leigh B. Boske, Wisconsin Department of Trans- 
portation: senior economist, National Transporta- 
tion Policy Study Commission, June 1977. 

Samuel H. Bostaph, Hamilton College: assistant 
professor, department of economics, Western Mary- 
land College, Sept. 1, 1977. 

Richard Boyce, Harvard University: assistant pro- 
fessor of economics, State University of New York- 
Binghamton, Sept. 1, 1977. 

J. A. Cacy: vice president and senior economist, 
Federal Reserve Bank of Kansas City, Aug. 1, 1977. 

W. Michael Cox, Virginia Polytechnic Institute and 
State University: assistant professor, department of 
economics, University of Rochester, Sept. 1, 1977. 

Steven M. Crafton, University of Tennessee: assis- 
tant professor of economics, Virginia Commonwealth 
University, Aug. 1977. 
` Lesley D. Daniels: assistant professor of economics 
and urban studies, Washington University, Sept. 1977. 

Robert C. DauffenBach, University of Illinois- 
Urbana: assistant professor of economics, Oklahoma 
State University, Sept. 1, 1977. 

Tulinda Deegan, U.S. Department of Transporta- 
tion: assistant economist, National Transportation 
Policy Study Commission, July 1977, 

Edwin G. Dolan, Dartmouth College: staff econo- 
mist, Economic Policy Office, Antitrust Division, U.S. 
Department of Justice, Oct. 1, 1977. 

Randall Eberts, Northwestern University: assistant 
professor, department of economics, University of 
Oregon, Sept. 1977. 

Liam P. Ebrill, Harvard University: assistant profes- 
sor, department of economics, Cornell University. 

Margo B. Faier, University of Pennsylvania: staff 
economist, Economic Policy Office, Antitrust Division, 
U.S. Department of Justice, Sept. 1977. 

Ray Fair, Yale University: visiting associate profes- 
sor of economics, Massachusetts Institute of Tech- 
nology, fall 1977. 

Henry S. Farber: assistant professor of economics, 
Massachusetts Institute of Technology, Sept. 1, 1977. 

John H. Gates: visiting assistant professor of eco- 
nomics, College of William and Mary, 1977-78. 

Mark L. Gertler, Stanford University: assistant pro- 
fessor, department of economics, Cornell University. 

Ronald D. Gilbert, Louisiana State University: as- 
sociate professor, department of economics, Texas 
Tech University, Sept. 1, 1977. 

John C. Goodman, Dartmouth College: visiting as- 
sistant professor of economics, Southern Methodist 
University, Sept. 1977. 

John Graham, Northwestern University: lecturer i in 
economics, University of Illinois, Aug. 1977. 

Earl L. Grinols, Massachusetts Institute of Tech- 
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nology: assistant professor, department of economics, 
Cornell University. 

Jacob Grossman: economist, Market Sausis Divi- 
sion, Federal Reserve Bank of New York, May 31, 
1977, 

Joseph Halevi: assistant professor, department of 
economics, Rutgers-The State University, July l, 
1977. 

Raouf Hanna, Colby College: assistant professor, 
economics department, Eastern Michigan University, 
June 1977, ` 

Donald A. Hanson, Massachusetts Institute of 
Technology: assistant professor of economics, South- 
ern Methodist University, Sept. 1977. 

Ronald Harstad, University of Pennsylvania: lec- 
turer in economics, University of Illinois, Aug. 1977. 

George A. Hay, U.S. Department of Justice: visiting 
professor, department of economics and the Law 
School, Cornell University. 

Steven Hayworth, Massachusetts Institute for Tech- 
nology: assistant professor, Eastern Michigan Univer- 
sity, Sept. 1977. ~ 

Roger T. Kaufman, Massachusetts Institute of 
Technology: assistant professor, Amherst College, 
July 1, 1977. 

Harry C. Katz: assistant professor of economics and 
management, Massachusetts Institute of Technology, 
Sept. 1, 1977. 

Douglass J. Klein, Syracuse University: Brookings 
fellow, Washington, D.C., July 1977. 

David R, Knowles, Washington State University: 
staff economist, Economics Policy Office, Antitrust 
Division, U.S. Department of Justice, Oct. 1, 1977. 

Myron L. Kwast: assistant professor of economics, 
University of Oklahoma, Sept. |, 1977. 

Lucinda M. Lewis, University of Wisconsin: staff 
economist, Economic Policy Office, Antitrust Divi- 
sion, U.S. Department of Justice, Oct. 1. 1977. 

David M. Lilien, Massachusetts Institute of Tech- 
nology: assistant professor, department of economics, 
University of California-San Diego, July 1, 1977. 

Peter H. Lindert, University of Wisconsin: profes- 
sor of economics, University of California-Davis, July 
1977, 

Raymond E. Lombra, Federal Reserve System: as- 
sociate professor of economics, Pennsylvania State 
University, Apr. 1, 1977. 

Themas S. McCaleb, University of Kansas: visiting 
assistani professor, Rice University, July 1977-July 
1979. 

John H. McDermott, Brown University: assistant 
professor of economics, College of the Holy Cross, 
Sept. 1, 1977. 

Henry McFarland, Northwestern University: staff 
economist, Economic Policy Office, Antitrust Divi- 
sion, U.S. Department of Justice, Oct. 1, 1977. 

Brian McGrath, Brown University: assistant profes- 
sor of economics, Indiana University, Sept. 1, 1977. 

Paul D. McNelis, Weston School of Theology: as- 
sistant professor, department of economics, George- 
town University, Aug. 29, 1977. 

Richard MacMinn, University of Illinois: assistant 
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professor of economics, State University of New York- 
Binghamton, Sept. 1, 1977. 

Thomas MaCurdy, University of Chicago: assistant 
professor, department of economics, Stanford Uni- 
versity, Sept. 1977. 

Eric S$. Maskin: assistant professor of economics, 
Massachusetts Institute of Technology, Sept. 1, 1977. 

Y.P. Mehra, Illinois State University: professor of 
economics, Pennsylvania State University, Sept. I, 
1977. 

Leonard Merewitz, J. W. Wilson & Associates, Inc.: 
senior economist, National Transportation Policy 
Study Commission, July 1977. 

Charles L. Merwin, International Monetary Fund: 
adjunct professor, department of economics, Ameri- 
can University, Aug. 1977. 

Hajime Miyazaki, University of California-Berkeley: 
assistant professor, department of economics, Stanford 
University, Sept. 1977, ; 

Wilhelm Neuefeind, Universität Bonn: professor of 
economics, Washington University, Jan. 1978. 

Richard S. Newfarmer, University of Wisconsin- 
Madison: assistant professor, University of Notre 
Dame, Sept. 1977. 

Prasanta K. Pattanaik, La Trobe University, Aus- 
tralia: professor of economics, Southern Methodist 
University, Sept. 1977. 

Joseph D. Reid, Jr., University of Chicago: asso- 
ciate professor of economics, Southern Methodist Uni- 
versity, Sept. 1977. 

Helen Reynolds, Southern Methodist University: as- 
sistant professor, University of Texas-Dallas, Sept. 
1977. 

Edward Rice, University of California-Los Angeles: 
lecturer in economics, University of Ulinois, Aug. 
1977. 

Kevin W. 5. Roberts: assistant professor of eco- 
nomics, Massachusetts Institute of Technology, Sept. 
1, 1977. 

Vernon Vance Roley: financial economist, Federal 
Reserve Bank of Kansas City, June 1977. 

Marilyn J. Simon: assistant professor of economics, 
Massachusetts Institute of Technology, Sept. 1, 1977. 

Dickson K. Smith, Marquette University: associate 
professor of economics, Lakeland College, Aug. 29, 
1977. 

James L. Smith, Harvard University: lecturer in eco- 
nomics, University of Illinois, Aug. 1977. 

Larry R. Spancake, Yale University: instructor, de- 
partment of economics, Fordham University, Sept. 
1977. 

David E. Spencer, Illinois State University: visiting 
assistant professor of economics, Arizona State Uni- 
versity, Aug. 22, 1977. 

Rita C. Sweeney, Princeton University: instructor, 
department of economics, Fordham University, Sept. 
1977. 

Thomas F. Tabasz, Miami University: associate pro- 
fessor of economics, College of Business and Eco- 
nomics, Washington State College. 

Samuel Taddesse: economist, Banking Studies Divi- 
sion, Federal Reserve Bank of New York, May 3i, 
1977, 


THE AMERICAN ECONOMIC REVIEW 


DECEMBER 1977 


Richard K. Taube, Wisconsin Department of Trans- 
portation: director of policy development, National 
Transportation Policy Study Commission, June 1977. 

William E. Taylor, Bell Laboratories: visiting as- 
sociate professor of economics, Massachusetts Insti- 
tute of Technology, Sept. |-Dec. 31, 1977, 

Mai-Trang Tran, Southern Illinois University: as- 
sistant professor, department of economics Texas Tech 
University, Sept. 1, 1977. 

Thomas Uien, Stanford University: lecturer in eco- 
nomics, University of Illinois, Aug. 1977. 

George M. Vredeveld, University of Missouri: asso- 
ciate professor of economics and director, Greater 
Cincinnati Center for Economic Education, University 
of Cincinnati, July 1977. 

Michael J. Wasylenko, University of Wisconsin: 
assistant professor of economics, Pennsylvania State 
University, Sept. 1, 1977. 

Barry R. Weingast, Washington University: assistant 
professor of economics and research associate, Center 
for the Study of American Business, Sept. 1977. 

Nancy Wentzler, University of Wisconsin: assistant 
professor of economics, Pennsylvania State University, 
Sept. 1, 1977. 

Gregory J. Werden, University of Wisconsin: staff 
economist, Economic Policy Office, Antitrust Division, 
U.S. Department of Justice, Oct. 1, 1977. 

Eden S. H. Yu: assistant professor of economics, 
University of Oklahoma, Sept. 1, 1977. 

Itzhak Zilcha, University of Illinois: assistant pro- 
fessor, department of economics, Cornell University. 


Leaves for Special Appointments 


Richard J. Arnould, University of Illinois: visiting 
research associate professor, Duke University, 
1977-78. 

William A. Brock, Cornell University: department 
of economics, University of Wisconsin, 

Thomas S. Friedland, University of Illinois: Harper, 
Inc., New York City, 1977-78. 

John W. Fuller, Wisconsin Department of Trans- 
portation: deputy director, National Transportation 
Policy Study Commission, 1977-78. 

David Greytak, Syracuse University: Center for Ur- 
ban Studies, Johns Hopkins University, Sept. 1977. 

Clyde A. Haulman, College of William and Mary: 
visiting associate professor, department of economics 
and finance, Florida Technological University, 
1977-78. 

James M. Holmes, State University of New York- 
Buffalo: visiting research professor, Arizona State Uni- 
versity, Jan. 20, 1978, 

John W. Hooper, University of California-San 
Diego: School of Industrial Management, University 
of Petroleum and Minerals, Dhahran, Saudi Arabia, 
1977-79, 

George G. Judge, University of Illinois: professor 
of economics, University of Georgia, 1977-78. 

Alfred E. Kahn, Cornell University: chairman, Civil 
Aeronautics Board, Washington, D.C. 

Cotton Mather Lindsay, University of California- 
Los Angeles: visiting research professor, Arizona State 
University, Aug. 22, 1977. 


ee Ve 
aoa 


P AE 


+} 
z 


ro 


~= 


VOL. 67 NO. 5 


Charles E. McLure, Jr, Rice University: executive 
director for research, National Bureau of Economic 
Research, Boston, June 1977~June 1979. 

Masahiro Okuno, University of Illinois: visiting re- 
search assistant professor, Kyoto University, Japan, 
1977-78. 

{brahim M. Oweiss, Georgetown University: super- 
visor, Egyptian Economics Office, Ministry of Econ- 
omy and Economic Cooperation, New York, 1977-78. 

David Puryear, Syracuse University: Department of 
Housing and Urban Development, Washington, D.C., 
Sept. 1, 1977. 

Richard E. Schuler, Cornell University: director, 
Office of Research, New York State Public Service 
Commission, 

Roger B. Skurski, University of Notre Dame: Cen- 
tre for Russian and East European Studies, University 
of Birminham, England, 1977~78. 

Steven Slutsky, Cornell University: research fel- 
lowship, CORE, Universite Catholique de Louvain, 
Belgium. 
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Thomas Sowell, Center for Advanced Study in the 
Behavioral Sciences: visiting professor, Amherst Col- 
lege, July 1977. 


Resignations 


Hugh Folk, University of Illinois: University of 
Hawaii, Aug. 1977. 

William A. Hyman, Wisconsin Department of 
Transportation, Sept. 1, 1977, 

Roger Koenker, University of Ilinois: Bell Labora- 
tories. 

Dale J. Poirier, University of Illinois, Aug. 1977. 

Wolfhard Ramm, University of California-San 
Diego: Board of Governors, Federal Reserve Board, 
Aug. 1, 1977. 

Sherwin Rosen, University of Rochester: University 
of Chicago, July 1, 1977. 

Richard L. Schmalensee, University of California- 
San Diego: Sloan Institute, July 1, 1977. 

Hal R. Varian, Massachusetts Institute of Tech- 
nology, June 31, 1977. 


NOTE TO DEPARTMENTAL SECRETARIES AND EXECUTIVE OFFICERS 


When sending information to the Review for inclusion in the Notes Section, please use the following siyle: 


A. Please use the following categories: 


i— Deaths 

2—Retirements 

3—Foreign Scholars (visiting the USA or Canada) 
4—Promotions 

5—Administrative Appointments 


6—New Appointments 

7—Leaves for Special Appointments (NOT Sabbaticals) 
8—Resignations 

9— Miscellaneous 


B. Please give the name of the individual (SMITH, John W.), his present place of employment or enrollment: 
his new title (if any), and the date at which the change will occur. 


C. Type each item on a separate 3 x 5 card and please do not send public relations releases. 
D. The closing dates for each issue are as follows: March, November 1; June, February 1; September, May 1, 


December, August 1. 


This announcement supersedes and replaces a letter which was sent annually from the managing editor’s office. 
All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown Uni- 
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SEVENTY-FOURTH LIST OF DOCTORAL DISSERTATIONS IN POLITICAL 
ECONOMY IN AMERICAN UNIVERSITIES AND COLLEGES 


The present list specifies doctoral degrees conferred during the academic year terminating June 1977. Abstracts 
will no longer be printed, s they are published by University Microfilms, Ann Arbor, Michigan. 


General Economics; including Economic 
Theory, History of Thought, 
Methodology, Economic History, 
and Economic Systems 


WittiamM G. Bentley, Fh.D. Georgia State 1977. 
Wealth distribution in colonial South Carolina. 


Douglas H. BLAIR, Ph.D, Yale 1976. Essays in social 
choice theory. 


DuURCARMEL BocaGes, Ph.D. Catholic 1976. The eco- 
nomic domination theory of Francois Perroux. 


Yun Hwang Boo, Ph.D. Oklahoma 1977. An empiri- 
-cal comparison of theoretical models for a utility 
under separability hypotheses: A system of derived 
demand equations of fuzls for U.S. household use, 
1937-70. 


AVISHAY BRAVERMAN, Ph.D. Stanford 1976. Monopo- 
ligtic competition due to consumers’ imperfect in- 
formation. 


FLINT BRAYTON, Ph.D. Jokns Hopkins 1977. Rational 
inflation expectations: A macroeconomic model and 
_ empirical <ests. 


THOMAS P. BRESLIN, Ph.D. West Virginia 1976. Bi- 
tuminous coal: An export base for West Virginia, 
1870-193C. 


GREGORY BuLLEN, Ph.D. Oregon 1976. Consumer 
saving through asset adjustment: An analysis of 
theoretical implications and test of an aggregate 
model. 


KENNETH BLRDETT, Ph.D. Northwestern 1976. Essays 
on markets with imperfect price information, 


Louis J. CHERENE, Ph.D. Wisconsin (Madison) 1976. 
Set valued dynamical systems and economic theory. 


PauL P. CHRISTENSEN, Ph.D. Wisconsin (Madison) 
1976. Land, labor, and mechanization of the ante- 
bellum U.S. economy. 


JAMES E. CLARK, Ph.D, Northwestern 1977. The im- 
pact of transportation technology on suburbaniza- 
tion in the Chicago region, 1830-1920. 


SUSAN I. CoHEN, Ph.D. Northwestern 1977. Incentive 
compatible control of the multidivisional firm with 
iterative communication. 


RAYMOND CouN, Ph.D. Oregon 1977, A locational 
analysis of manufacturing activity in the antebellum 
South and Midwest, 


CHARLES E. Conrop, Ph.D. Northwestern 1976. 
Limited growth of cities in the lower Ohio valley. 

PETER J. COUGHLIN, Ph.D. State University of New 
York (Albany) 1976, A theory of disequilibrium de- 


cision making under uncertainty with an application 
to labor markets. 
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Ropert A. DICKLER, Ph.D. Pennsylvania 1975. Labor 
market pressure and agricultural growth in the east- 
ern region of Prussia, 1840-1914. 

DonALD R. DOHRMANN, Ph.D, Yale 1976. Screw 
propulsion in American lake and coastal steam 
navigation, 1840-60. 

James Doti, Ph.D. Chicago 1976. The response of 
economics to environmental influences. 

RoLr H. DuMKE, Ph.D. Wisconsin (Madison) 1976. 
The political economy of German economic unifica- 
tion: Tariffs, trade, and politics of the Zollverein era. 

JONATHAN EATON, Ph.D. Yale 1976. Four essays in the 
theory of uncertainty and portfolio choice. 

Larry G. EPSTEIN, Ph.D. British Columbia 1977. Es- 
says in the economics of uncertainty. 

LINWOOD T. GEIGER, Ph.D. Temple 1977. An eco- 
nomic analysis of expropriation. 

Joun L. Gippens, Ph.D. Virginia Polytechnic Insti- 
tute 1977, William E. Hearn and classical political 
economy. 

JOHN Goprrey, Ph.D. Georgia 1976. Monetary ex- 
pansion in the Confederacy. 

Jose L. GuascH-A, Ph.D, Stanford 1976. Anticipa- 
tions and diversity in intemporal economies. 

THORVALDUR GYLFASON, Ph.D. Princeton 1977. Infla- 
tion, unemployment, and economic growth: Two es- 
says. 

PETER K. HAMMERSCHMIDT, Ph.D. Colorado State 
1976. Community: A nonutilitarian approach to 
economics. , 

HARRISON HARTMAN, Ph.D. New York 1976. The the- 
oretical debate on income policy in the United States 
since 1960: A critique. 

JAMES HENDERSON, Ph.D. Northern Illinois 1977. 
Early British economics, 1822-50. 

IAN R.C. Hirst, Ph.D. Chicago 1976. Efficiency in 
trading and the revelation of preferences. l 

CHARLES A. HOLT, JR., Ph.D. Carnegie-Mellon 1977. 
Bidding for contracts. 

Hamip Hosseini, Ph.D. Oregon 1977. Ricardo’s the- 
ory of comparative costs reconsidered. 

THOMAS HUERTAS, Ph.D. Chicago 1977. Economic 
growth and economic policy in a multinational 
setting: The Hapsburg Monarchy, 1841-65. 

WATANA ISARANKURA, Ph.D. California (Santa Bar- 
bara) 1977, Determinants of the income distribution 
in the United States: A macroeconomic approach. 

GERALD D, JAYNES, Ph.D. Illinois 1976. Essays in the 
economics of imperfect information. 


WARREN J. JESTIN, Ph.D. Toronto 1977. Provincial 
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policy and the development of the metallic mining 
industry in Northern Ontario: 1845-1920. 


DANA B. JOHNSON, Ph.D. Northwestern 1977. A study 
of the relationship of production decisions to fin- 
ished inventory and unfilled orders. 


James R. JOHNSON III, Ph.D. Duke 1977, Toward a 
characteristic space theory of impure public goods. 


AKIO KAGAWA, Ph.D. Rochester 1977. Essays on 
equilibrium and disequilibrium. 

JosEPH E. KECKEISSEN, Ph.D. New York 1976. The 
meanings of economic law, 

WituiaM A. KELty, JR., Ph.D. North Carolina 
(Chapel Hill) 1976. The theory of price and quantity 
adjustments in an N-firm market. 


ROGER C, KORMENDI, Ph.D. California (Los Angeles) 
1977. On the nature of decentralized pure exchange. 


Larry L. Lawson, Ph.D. Colorado 1976. The con- 
cept of the individual economic theory. 


FRANK D, Lewis, Ph.D. Rochester 1977, Explaining 
the shift of labor from agriculture to industry in 
the United States: 1869-99, 


LuciINnDA M. Lewis, Ph.D. Yale 1977. Essays on 
purely competitive intertemporal exchange. 


ALBERT N. Link, Ph.D. Tulane 1976. The microfoun- 
dations of technological change: A theoretical and 
empirical model, 


STEPHEN A. McCarrerty, Ph.D. Brown 1977. A the- 
ory of search for transaction partners. 


GaRY M. MartTIN, Ph.D. North Carolina (Chapel 
Hill) 1976. Explaining economic development in the 
southern United States, 1880-1930: An evaluation 
of neoclassical and neomercantilist models as they 
apply to a backward or developing region. 


Nicocas J. MATHIEU, Ph.D. Pennsylvania 1976. An 
application of control theory to macroeconomic pol- 
icies in the Canadian economy. 


WALTER S. MISIOLEK, Ph.D. Cornell 1976. Price ex- 
pectations, the real rate of interest, and the Phil- 
lips curve, 


Joun P. MONDEJAR, Ph.D. Indiana 1976. Neocolonial- 
ism as an economic system: Cuba, 1898~1934. 


TAKESHI MurotTa, Ph.D. Minnesota 1976. Public in- 
formation and social welfare under five alternative 
market mechanisms. 


Dick K. Nanto, Ph.D. Harvard 1977. The United 
States’ role in the postwar economic recovery of 
Japan. 


PAMELA J. NickLess, Ph.D. Purdue 1976. Changing 
labor productivity and the utilization of native 
woman workers in the American cotton textile in- 
dustry: 1825-60. 

Osamu NISHIMURA, Ph.D. Pennsylvania 1976. A dy- 
namic theory of income distribution over the life 
cycle. 

CarLos F.D. OBREGON, Ph.D. Colorado 1976. Eco- 
nomics and the inquiry into social harmony. 


DOCTORAL DISSERTATIONS 


1023 


Mike J. O’Brien, D. Sci. Washington (St. Louis) 
1976. Approachability of a macroeconomic model. 


HERAKLIS M. POLEMARCHAKIS, Ph.D. Harvard 1977. 
Intertemporal allocations and the fixed price 
method. 


ARTHUR R. Preiss, Ph.D. Indiana 1977. A, microeceo- 
nomic approach to business investment: Adjustment 
costs and the theory of the firm. 


SALIM RASHID, Ph.D. Yale 1976. Economies with in- 
finitely many traders. 


JOSEPH Y. REMENY!, Ph.D. Duke 1976. Core-demi- 
core Interaction in economics. 


FRANK ROOSEVELT, Ph.D, New School 1977. Towards 
a Marxist critique of the Cambridge school. 


Roy RoTHEIM, Ph.D. Rutgers 1977, Foundation of 
nonequilibrium economic analysis, 


BERNARD ROTHMAN, Ph.D. Iowa State 1977. Explora- 
tions in the theory of the multiproduct firm. 


RICHARD P. Rozek Ph.D. Iowa 1976. A nontaton- 
nement bidding for a centralized market. 


ROBERT SANDY, Ph.D. Michigan State 1977. Two es- 
says in the history of short-run labor supply theory. 


JOSEPH E. SANTANGELO, Ph.D. Cincinatti 1976. Nomi- 
nal rates and price expectation in a complete income 
determination model. 


Scott SAUNDERS, Ph.D, Johns Hopkins 1977. The 
existence of equilibrium in a second best model. 


Gita SEN, Ph.D. Stanford 1976. The theory and esti- 
mation of disequilibrium markets. 


BRYAN E. STANHOUSE, Ph.D. Illinois 1976. Stochastic 
control experiments on a small macro model under 
two expectations regimes. 


JOHN N. STEVENS, Ph.D. Pennsylvania State 1977. The 
political economy of Czechoslovak foreign trade. 

STEPHEN H. STRAND, Ph.D. Vanderbilt 1976. An 
analysis of decreasing costs in the production and 
transportation of a single product in spatially sepa- 
rated markets. 


Gerry L. SUCHANEK, Ph.D. Northwestern 1977. In- 
formation and optimality in pollution control insti- 
tutions. l 

Ken-IcHı TATSuMI, Ph.D. Pennsylvania 1975, Essays 
on the theory of the firm and financial market. 

GEORGE TAVLAS, Ph.D. New York 1977. Essays on 
the doctrinal historical development cf Friedman’s 
monetary economics. 

Louis W. THOMSON, Ph.D. Stanford 1976. Incentives 
and information. 

Ross D. THOMSON, Ph.D. Yale 1976. The origin of 
modern industry in the United States: The mechani- 
zation of shoe and sewing machine production. 

PETER G. TOUMANOFF, Ph.D. Washington 1977. The 
effects of property rights on resource allocation in 
Russia, 1861-1913. 

BRUCE VAVRICHEK, Ph.D. Northwestern 1977. Con- 
sumer decision process with incomplete information. 
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SUSAN B. Vroman, Ph.D. Johns Hopkins 1977. A the- 
ory of money wage dynamics with a heterogeneous 
labor force. 


GORDON E. WAGNER, Ph.D. Cornell 1977. Consecra- 
tion and stewardship: A. socially efficient system of 
justice. 

RONALD S. WARREN, JR., Ph.D. North Carolina 
(Chapel Hill) 1976. Agzregate wage dynamics and 
labor market disequilibzium: An errors-in-variables 
approach. ` 

Rospert D. WEAVER, Ph.D. Wisconsin (Madison)’ 
1977. The theory and measurement of provisional 
production decisions. 

LAURENCE M. Wess, Ph.D. Harvard 1977. Risk, ef- 
fort, and welfare theory. 

ROBERT P. WITHINGTON, Ph.D. Pennsylvania 1976. 
Mutual savings banking in smaller urban centers of 
antebellum Massachuserts. 


AKIRA YAMAZAKI, Ph.D. Rochester 1977. General 
equilibrium analysis of large nonconvex economies, 


Economic Growth and Development; 
including Economic Planning Theory 
and Policy, Economic Fluctuations 
and Forecasting 


BENJAMIN K. ACQUAH, Ph.D. Wisconsin (Madison) 
1977. An analysis of demand for food commodities 
in the eastern region of Ghana. 


Mona A. AL-BusTANY, Ph.D. Catholic 1976. Trade 
and growth in the oil exporting economy of Iraq: 
Application of the two-gap model. 


GEBEYEHU ALEMNEH, Ph.D. Michigan 1976. Develop- 
ment constraint in Ethicpia: The next decade. 


KOLAWOLE M. ALLI, Ph.D. Iowa State 1977. Produc- 
tion, income, and employment effects of agricul- 
tural technology in the central cocoa belt of western 
Nigeria: A multiperiod programming approach. 


ANNA L.O. DE ALMEIDA, Ph.D. Stanford 1977. In- 
dustrial subcontracting of low-skill service workers 
in Brazil. 


DENISARD C. ALves, Ph.D. Yale 1977. Manufactur- 
ing development in Ecuador: Dualism and x-effi- 
ciency. 


EMMANUEL C. ANUSIONWU, Ph.D. Cornell 1977. A 
framework for a regionel study of African agricul- 
tural rural economy: A case study of Kigezi district 
in western Uganda. 


PRAKASH APTE, Ph.D. Cclumbia 1977. Intersectoral 
migration and economic growth. 

MUHAMMAD M. AWAN, Ph.D. Clark 1976. Foreign 
capital and development process: The Pakistani ex- 
perience, 

MaAHMoop A. Ayus, Ph.D. Yale 1977. Income in- 
equality in a growth-theoretic context: The case of 
Pakistan. 
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Suruit $. BHALLA, Ph.D. Princeton 1977. Two essays: 
Savings and farm production in rural India. 


Tripis K. Biswas, Ph.D. Brown 1977. A theoretical 
study of the growth and development in an open 
dual economy. 


CHARLES S$. CALLISON, Ph.D. Cornell 1976, Land-to- 
tiller in the Mekong Delta: Economic, social, and 
political effects of land reform in four villages of 
South Vietnam. 


DENIS G. CARTER, Ph.D. Florida 1976. Economic de- 


velopment and integration: A conceptual frame- 
work, 


HENRI Cauvin, Ph.D. New School 1977. The Haitian 
economy: A case study of underdevelopment. 


ALFREDO CEBALLOS, D.B.A. Harvard 1977. Planning 
for economic development—-a managerial approach: 
A study of the process of export development. 

THOMAS PEI-FAN CHEN, Ph.D. City (New York) 1976. 
Economic growth and structural change in Taiwan, 
1952-72: A production function approach. 

ERIC CHETWYND, JR., Ph.D. Duke 1976. City-size dis- 
tribution, spatial integration, and economic develop- 
ment in developing countries: An analysis of some 
key relationships. 

S. CHia, Ph.D. McGill 1976. Industrialization strategy 
and industrial performance in Singapore, 1960-73. 
CHINYAMATA CHIPETA, Ph.D. Washington (St. Louis) 
1976. Family farm organization and commercializa- 

tion of agriculture. 

SUPOTE CHUNANUNTATHUM, Ph.D. Oregon 1977. An 
econometric analysis of demand and supply elastici- 
ties for Thai white rice exports. 

ENYINNA CHUTA, Ph.D. Michigan State 1977. Linear 
programming analysis of small scale industries in 
Sierra Leone. 

CAROL A. CORRADO, Ph.D. Pennsylvania 1976. The 
steady state and stability of the MIT-PENN-SSRC 
model and their implications for economic policy. 

ALAN S. Costa, Ph.D. California (Davis) 1977. Some 
developmental implications of alternative land 
tenure systems in the Mexican Pacific North. 

ALFREDO J. DAMMERT, Ph.D. Texas (Austin) 1977. A 
world copper model for project design. 

TRAN THANH DANG, Ph.D. Syracuse 1977. The dis- 
tribution of income and wealth among individuals 
in the labor-surplus economy. 

PAUL T. DAVENPORT, Ph.D. Toronto 1976. Capital 
accumulation and economic growth. 

ADRIANO B. Dias, Ph.D. Vanderbilt 1976. Market de- 
mand and income distribution. 

ROBERT F. DIELI, Ph.D. Texas (Austin) 1977. Compe- 
tition and efficiency in a developing capital market: 
The case of Mexico, 1966-73. 

Davip L, DORENFELD, Ph.D. Michigan 1977. Growth 


fluctuations in planned economies: A theoretical and 
econometric analysis. 
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SALEH H. EL Mamur, Ph.D. Colorado State 1977. 
Public investment in a capital-surplus country: The 
case of Libya. 


BasHir M. EL-WiraTi, Ph.D. Missouri (Columbia) 
1977. Some socioeconomic considerations in the 
Bedouins’ agricultural settlement: An example from 
Libya. 

MOHAMMAD FaisAL, Ph.D. Michigan State 1977. 
Optimal land and water use and production re- 
sponse under alternative technologies in Bangladesh: 
A programming approach. 


Lisa P. Fox, Ph.D. North Carolina (Chapel Hill) 
1976. Building construction as an engine of eco- 
nomic growth: An evaluation of the Columbian de- 
velopment plan. 


EMANUEL A. FRENKEL, Ph.D. California (Davis) 1977. 
History and analysis of economic policy in De 
Gaulle’s Fifth Republic, 


ALAN I. FRISHMAN, Ph.D. Northwestern 1977. The 
spatial growth and residential location pattern of 
Kano, Nigeria. 


Jutio A. GENEL, Ph.D. Chicago 1977. On the state’s 
strategy for financial development: The problem of 
noninflationary financing in Mexico. 


ROBERT GHOGOMU, Ph.D. Northern [linois 1976. Ex- 
ports and economic development: The Cameroon 
experience, 


CLAUDIO GONZALEZ-VEGA, Ph.D. Stanford 1976. On 
the iron law of interest rate restrictions: Agricultural 
credit policies in Costa Rica and in other less de- 
veloped countries. 


RICHARD L. GRABOWSKI, Ph.D. Utah 1977. A socio- 
economic theory of the development of agriculture. 


ARGHA GUHA, Ph.D. McMaster 1976. The effects of 
alternative income distributions on resource alloca- 
tion in India. 


JavaD Hasipion, Ph.D. New School 1977. The im- 
pact of external resource inflows ón the domestic 
savings of the developing countries: The case of Iran 
in the decade of 1962-72. 


HANS HANSEN, Ph.D. Pennsylvania 1977. The econ- 
omy of Greenland, 1955-71. 


CHRISTOPHER J. HEADY, Ph.D. Yale 1976. The de- 
termination of industrial wages in less developed 
countries, 

Ropert H. HENDRICKS, Ph.D. Missouri (Columbia) 
1976. Public land employed in different predom- 
inant uses: Its impact on the finances of the county 
court and school districts in Missouri. 


ALFRED J. HERSCHEDE, Ph.D. Illinois 1976. Invest- 


ments in education and economic growth in the 
People’s Republic of China. 

Water Hope, Ph.D. Catholic 1977. Opportunities 
and problems for development planning in a colo- 
nial setting, 1947-66: A case study of Guyana. 


ANWARUL Hogue, Ph.D. Michigan State 1977. A sys- 
tem simulation approach to policy planning and 
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evaluation in the context of integrated rural devel- 
opment in Bangladesh. 


Eur Gak Hwang, Ph.D. Oregon 1976. Demand for 
food and nonfood by farm and nonfarm house- 
holds in Korea. 


Parviz JENAB, Ph.D. Indiana 1977. The role of the 
third plan in economic development, Iran: A case 
study, 1963-67. 


JAN JORGENSEN, Ph.D. McGill 1977. Structural de- 
pendence and economic nationalism in Uganda, 
1888-1974. 


ANA MaRa JuL, Ph.D. Pennsylvania 1977. A macro- 
economic model for Brazil. 


SALVADOR KALIFA-ASSAD, Ph.D. Cornell 1977. In- 
come distribution in Mexico: A reconsideration of 
the distributive problem. 


Rostam M. Kavoussi, Ph.D. Harvard 1976. Struc- 
tural change in the Iranian manufacturing industry: 
1959-72. 


Jacos J. KETTOOLA, Ph.D. Southern California 1977. 
Investment criteria in development planning, theory, 
practice, and policy. 


CHOEDCHAI KHANNABHA, Ph.D. Michigan 1977. Cost- 
benefit analysis of the Pa Mong project. 


Rosin D, Krpuka, Ph.D. Harvard 1977. Income dis- 
tribution and fiscal incidence in Uganda, 1961-70. 


Daemo Kim, Ph.D. Rice 1976. Structural change, em- 
ployment, and income distribution: The case of 
Korea, 1960-70. 


RONALD Kizior, Ph.D. Notre Dame 1976. The effects 
of government contracts on regional growth and 
employment: A case study of the SMEK area. 


JOSEPH D. LAForRTE, Ph.D. Connecticut 1977. Water 
pollution control costs and public policy for the 
paper industry with application to western Mass- 
achusetts. 


EZZEDDINE LARBI, Ph.D. California {Los Angeles) 
1976. Foreign capital inflow and optimal external 
indebtedness for the Tunisian economy: The appli- 
cation of control theory to policy problems. 


CHUL-HEUI LEE, Ph.D. Harvard 1977. Export promo- 
tion and economic development in Korea: 1962-73. 


JEFFREY E, Levin, Ph.D. Purdue 1976. Heterogeneous 
labor, disguised unemployment, and economic 
growth. 


ROBERT Ley, Ph.D. Washington State 1977. Bolivian 
tin and Bolivian development. 


DEAN A. LINSENMEYER, Ph.D. Michigan State 1976. 
Economic analysis of alternative strategies for the 
development of Sierra Leone marine fisheries. 


ADEWALE MABAWONKU, Ph.D. Michigan State 1977. 
The role of apprenticeship training in the small- 
scale industrial subsector of western Nigeria. 


Beka L. MAHARAJAN, Ph.D. Missouri (Columbia) 
1976. An evaluation of agricultural production sys- 
tems and alternatives for small farms in Nepal. 
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ANTONIO C. MARTIN DeL Campo, Ph.D. California 
(Berkeley) 1976. Programming Mexican agricultural 
change recognizing th2 heterogeneous agrarian 
structure: A case study of Nayarit. 


MOTHAE MARUPING, Ph.D. Catholic 1977. The re- 
examination of the international demonstration 
effect on the economies of less developed countries: 
With special reference to southern Africa. 


WILLIAM B. MARXSEN, Ph.D. Georgia State 1976. A 
monetary and fiscal policy in a growing economy. 


PETER J. MATLON, Ph.D. Cornell 1976. The size dis- 
. tribution, structure, and determinants of personal 
income among farmers in the north of Nigeria. ° 


EILEEN MacskopF, Ph.D. Johns Hopkins 1977. Infla- 
tion expectations in Israel: Direct estimates from 
purchasing-power bonds. 


GINIGEME F. MBANEFOH, Ph.D. Illinois 1976. Alloca- 
tion of road funds in Nigeria: An evaluation. 


Pepro C. DE MELLO, Ph.D. Chicago 1977. The eco- 
nomics of labor in Brazil.an coffee plantations. 


JOZE MERCINGER, Ph.D. Pennsylvania 1975. A quar- 
terly econometric model of the Yugoslav economy. 
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MAHLON G. LANG, Ph.D. Michigan State 1977. Col- 
lective bargaining between producers and handlers 
of fruits and vegetables for processing: Setting laws, 
alternative rules, and selected consequences. 


Davip L. LANGEMEIER, Ph.D. Nebraska 1976. A 
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WILLIAM G. LESHER, Ph.D. Ccrnell 1976. An analysis 
of northeastern rural land use policies. 


JOHN McCa.ium, Ph.D. McGill 1977. Agriculture 
and economic development in Quebec and Ontario 
to 1870. 


ROBERT N. McRag, Ph.D. Br:tish Columbia 1977. A 
quantitative analysis of some policy alternatives 
affecting Canadian natural gas and crude oil de- 
mand and supply. 


Sonia MaLTezou, Ph.D. New York 1977. The eco- 
nomic determinants of waste oil recycling. 


CRAIG §. MARXSEN, Ph.D. Georgia State 1976. The 
influence of interest and inflation on fuels supply. 


ABRAHAM MELAMED, Ph.D. California (Berkeley) 
1977. The citrus marketing board of Israel and the 
- auction demand for weekly sales. 


DoNALD O. MITCHELL, Ph.D. Iowa State 1976. The 
level and variability of agricultural exports. 
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ROBERT J. Cuomo, Ph.D. Boston College 1977. A 
model of the residential location decision: An at- 
tempt to incorporate and measure the importance, of 
public goods in the decision-making process. 


Davip M. Curri, Ph.D. Southern California 1977. 
Interdisciplinary research and the university reward 
system. 
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Joun J. Doyze, JR., Ph.D. Clark 1976. The economic 
impact of institutions of kigher learning upon the 
city of Worcester, Massachusetts and the surround- 
ing region: A case study. 

RICHARD F. Dye, Ph.D. Michigan 1976. Personal 
charitable contributions: Tax effects and other mo- 
tives. 


JOSEPH K. ECKERT, Ph.D. Tufts 1977. The effect of 
rent controls on assessment practices, differential 
incidence of taxation, and income adjustment 
mechanisms for rental housing in Brookline, Massa- 
chusetts. 


RONALD C. Faas, Ph.D. M.chigan State 1977. The 
economics of budget constraints, transaction costs, 
boundaries and articulation of interest group de- 
mand in multicounty health planning agencies. 


ROGER D. FELDMAN, Ph.D. Rochester 1977. The sup- 
ply and demand for physicians’ hospital and office 
visits. 

DennIS K. Fukumoto, Ph.D. Southern California 
1977. Chinese and Japanese in California. 1900- 
1920: A case study of the impact of discrimination. 


DANIEL L. GEORGIANNA, Ph.D, Massachusetts 1977. 
Neighborhood effects and <he structure of cities: A 
study of the relationship between variation in in- 
come and distance from the center of U.S. cities. 


Jonn T. Gitmore, Ph.D. Colorado State 1976. Com- 
munity development: Theory and process. 


DIANE E. Gotp, Ph.D. New School 1977. Class struc- 
ture and the economics of tne housing problem. 


JOHN $. GREENLEES, Ph.D. California (Los Angeles) 
1977. Discrimination against medicaid patients in 
_ nursing home admissions policies. 


Roy J. Grous, Ph.D. Wastington State 1977, The 
structure and determinants of county retail sales and 
service receipts and of county employment in 
Minnesota. 


AARON S. Gurwitz, Ph.D. Stanford 1977. Local taxa- 
tion and the dynamics of metropolitan property 
values. 

Ropert A. HANKIN, Ph.D. Northeastern 1976. The 
cost of providing restorativs dentistry in an alterna- 
tive delivery mode. 

Davin R. HENDERSON, Ph.D. California (Los Angeles) 
1976. The economics of safety legislation in under- 
ground coal mining. 

MICHEL L. Hiser, Ph.D. Cornell 1976. An inter- 
industry analysis of Clinton County, New York. 

DouGLas E. Houc, Ph.D. Wisconsin (Madison) 


1976. The economics of the market for human 
blood. 


ALEXANDER W. JENKINS, Ph.D. Western Ontario 1977. 


A policy-oriented analysis of hospital costs in 
Ontario. 


JOHN M. Joseru, JR., Ph.D. Georgetown 1977. An 
econometric model of the state of Maine. 


Davip KENNETT, Ph.D. Columbia 1977. A study of 


DECEMBER 1977 


the distribution of a free public good: The case of 
crime and police services. 


_ LAWRENCE Kenny, Ph.D. Chicago 1977. The demands 


for child quality and for educational inputs, the pro- 
duction of child quality, and related topics. 


Bopo Kuicrais, Ph.D. Wayne State 1977. A regional 


econometric model of residential construction: An 
application to the Detroit metropolitan area. 

Davip Lan, Ph.D. Wisconsin (Madison) 1976. Causes 
and consequences of poverty and inequality in the 
inner city: An in-depth study. 

CHARLES J. Latos, Ph.D. Brown 1977. Determinants 
of intraregional differentials in nonwhite urban set- 
tlement patterns. 

Wiiiiam C. Lee, Ph.D. California (Santa Barbara) 
1976. The demand for travel and the gasoline crisis. 

WILLIAM E. Leco, Ph.D. Florida State 1977. The 
theory and measurement of tenure choice in hous- 
ing. 

EuGENE Lewit, Ph.D. City (New York) 1977. Ex- 
perience with pregnancy, the demand for prenatal 
care, and the production of surviving infants. 

Rocer L. McCiuno, Ph.D. Washington (St. Louis) 
1976. Identification of an educational production 
function for diverse technologies. 

Tuomas G. McGuire, Ph.D. Yale 1976. Demand for 
physicians’ services, 

EpDwarD M. McCNERTNEY, Ph.D. Massachusetts 1977. 
An analysis of the effect of taxation on the location 
of industrial employment. 

Bruce D. MANN, Ph.D. Indiana 1976. The influence 
of educational services on housing values: Indian- 
apolis, 1971-74. 

JONATHAN H. Mark, Ph.D. Washington (St. Louis) 
1977. Externalities and housing values. 

ROGER E. Mieners, Ph.D. Virginia Polytechnic Insti- 
tute 1977. The economics of victim compensation. 
CASIMIRO MIRANDA, Ph.D. Wayne State 1977. The 
regional pattern of industrial location: A study of 

the Philippine space economy. 

NicHo.as L. NICHOLAS, Ph.D. Florida 1977. Identifi- 
cation of the innovative buyer in the retirement 
market. 

Jaime Nino Gajsarpo, Ph.D. Stanford 1977. Food 
consumption patterns in the United States: An 
application of the Houthakker and Taylor dynamic 
demand model. 

JYRKI T. PENTTINEN, Ph.D. Michigan 1976. The role of 
price in perception of product quality. 

STEVEN G. PHILLIPS, Ph.D. Georgetown 1977. Toward 
a theory of optimal city size. 


ROBERT POLLARD, Ph.D. Chicago 1977. Topographic 
amenities and building height in an urban housing 
model. 


Henry J. Ratmonpo, Ph.D. Wisconsin (Madison) 
1976. The tax and expenditure implications of al- 


x 
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ternate finance schemes for Wisconsin public 
schools. 


J. BARKLEY Rosser, JR., Ph.D. Wisconsin (Madison) 
1976. Essays related to spatial discontinuities in land 
values at the urban-rura] margin. 


Kirk W. Rusipa, Ph.D. Colorado 1977. An econo- 
metric model of Colorado economy. 


RONALD RuDOLF, Ph.D. Rutgers 1976. Physician care 
and government programs: An analysis of the distri- 
bution of health and health services in New York 
City and the nation. 


DaviD RUTHENBERG, Ph.D. Wayne State 1976. De- 
termination of interstate variation in state expendi- 
tures. 


James A. Sackey, Ph.D. Western Ontario 1977. An 
economic analysis of the production of hospital 
services in Ghana. 


Jose M. SANCHEZ-MOLINERO, Ph.D. California (Santa 
Barbara) 1976. Discrimination as an allocation 
mechanism in the labor market: Theory and em- 
pirical evidence. 


FARHAT S. SHERNANNA, Ph.D. Oklahoma State 1976. 
A comparative evaluation of public housing pro- 
grams in the Libyan Arab Republic. 


IRA SILVER, Ph.D. City (New York) 1977. Regional 
input-output forecasting: A systems approach. 


MARVIN M. SMITH, Ph.D. Cornell 1977. Essays on the 
economics of discrimination in the labor market. 


ALI A. SOLIMAN, Ph.D. lowa 1975. Reimbursement 
and hospital pricing and utilization. 


Ricuarp G. STEVIE, Ph.D. Cincinnati 1977. The 


economics of metropolitan water supply. 


CHARLES T. STREIN, Ph.D. Hlincis 1977. The university 
as a nonprofit firm: Administrative expense bias as a 
source of inefficiency. 


ROBERT J. Strom, Ph.D. Cincinnati 1976. The effect of 
input characteristics on the conceptual content of 
high school courses. 


JosepH M. SULOK, JR., Ph.D. Virginia 1976. A theo- 
.. retical and empirical analysis of the demand for 
education at community colleges, 


MEHMET Tanır, Ph.D. Northeastern 1976. An eco- 
nomic analysis of the utilization of pediatric nurse 
practitioners. 


Vinon Tuomas, Ph.D. Chicago 1977. The welfare cost 
of pollution control with spatial alternatives. 


DOCTORAL DISSERTATIONS 
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Tuomas H. Tipricx, Ph.D. Georgia State 1977. Edu- 
cational production function with alternative tech- 
nologies. 


Roser? P. Trost, Ph.D. Florida 1977, Estimation of a 
housing expenditure model with interdependent 
choices about owning or renting. 


JEFFREY G. TOWLE, Ph.D, Michigan 1977. A new ap- 
proach to classifying media vehicle audiences. 


ALAN P, WAGNER, Ph.D. Illinois 1977. The impact of 
federal-student BEOG programs on low income 
household expenditure for higher education. 


GEORGE B. WaLL, Ph.D. North Carolina State 1977. 
Shared use of public school facilities as a capital in- 
vestment decision policy. 


Lynn B. Wars, Ph.D. Boston College 1976. The de- 
mand for general relief assistance: A conditional 
probability analysis of employment and job tenure 
transactions. 


James O. Watson, Ph.D. Purdue 1976. Estimated 
rates of return to investments in public and pro- 
prietary postsecondary vocational education and the 
desirability of subsidizing proprietary institutions. 

JosepH C. WEBER, Ph.D. Colorado State 1976. An 
interindustry economic analysis of northwestern 
Colorado. 

ROBERT S. WENGER, Ph.D. Nebraska 1976. A fore- ` 
cast of the household final demand vector of the 
Nebraska input-output tables. 

GLENN D. Westtey, Ph.D. Pennsylvania 1976. The 
optimal location of urban radial lines. 

JOHN R.C. WHEELER, Ph.D. Michigan 1976. Economic 
efficiency and optimal scale in ambulatory medical 
care production. 

MARTIN WILLIAMS, State University of New York 
(Binghamton) 1977. The determinants of ‘modal 
choice in urban travel: A case study. 

FLoyp S. Witson, Ph.D. Minnesota 1976. Regression 
and choice models to estimate the enrollment effects 
of campus closure. 

Epwin A, Woop, Ph.D. Florida 1976. Quantitative 
factors for instructional resources in the state uni- 
versity system of Florida. 

Lin YinGc H. Young, Ph.D. City (New York) 1977. 
Household demand for leisure activities: Reading 
and TV watching. 

PHILLIP YOUNG, Ph.D. New York 1977. An analysis 
of the economic returns of formal schooling for 
Puerto Rican men in New York City. 
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ANNOUNCEMENT 


, NOTICE TO ALL GRADUATE DEPARTMENTS 


The December 1978 issue of the Review will carry the seventy-fifth list of doctoral dissertations in political econ- 
omy in American universities and colleges. The list will specify doctoral degrees conferred during the academic 
year terminating June 1978. This announcement is an invitation to send us information for the preparation of the 
list. This announcement supersedes and replaces a letter which was sent annually from the managing editor’s office. 


The Review will publish in its December 1978 issue the names of those who will have been awarded the doctoral 
degree since June 1977 and the titles of their dissertations. Dissertation abstracts will no longer be published, as 
these are published elsewhere. 


By June 30, please send us this information on 3 x 5 cards, conforming to the style shown below, one card for 
each individual. Please indicate by a classification number in the right-hand corner the field in which the thesis 
should be classified. The classification system is that used by the Journal of Economic Literature and printed in 
every issue. 


JEL Classification No. — 
Name: LAST NAME IN CAPS: First Name, Initial 


Institution Granting Degree: 


Degree Conferred (Ph.D. or D.B.A.) 


Dissertation Title: 





When degrees in economics are awarded under different names, such as Business Administration, Public Admin- 
istration, or Industrial Relations, cendidates in these fields whose training has been primarily in economics should 
be included. 


All items and information should be sent to the Assistant Editor, American Economic Review, Box Q, Brown 
University, Providence, Rhede Island 02912. 


The fcllowing Statement of Ownership, Management, and Circulation is provided in accordance with the re- 
quirements, as contained in 39 U.S. Code 3685. The American Economic Review is owned, managed, and pub- 
lished by the American Economic Association, a nonprofit educational organization, located at 1313 21st Ave- 
nue So., Nashville, Davidson County, Tennessee 37212. The Managing Editor is Professor George H. Borts, 
American Economic Review. Brown University, Robinson Hall, Providence, R.I. 02912. During the preceding 12 
months the average number of copies printed for each issue was 27,500, the average paid circulation, 24,232; the 
average free distribution, 354; the average number of copies distributed, 24,586. Corresponding figures for the 
last issue before filing: 27,500 total number copies printed; 25,268 total paid circulation; 354 free copies distri- 
buted; 25,622 total distribution. 
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KOREA INTERNATIONAL ECONOMIC INSTITUTE 
SEOUL, KOREA 


KOREAN RESEARCH ECONOMISTS NEEDED 

Applications are invited from Korean economists with Ph. D. degrees or the equivalent for appoint- 
ment to challenging research positions in the Institute. 

The Korea International Economic Institute (KIEI) is a newly created, nonprofit research organiza- 
tion supported by the government of the Republic of Korea. Its primary function is to conduct 
systematic surveys and in-depth studies on international economic conditions and problems for the 
purpose of making policy recommendations to the government and providing information and advice 
to Korean firms and industries interested in expanding their trade and other business opportunities 
abroad. 

The Institute is in need of senior level research economists* thoroughly grounded in modern theory 
and statistical techniques with special strength in one or more of the following fields: 





.. international trade 

.. international finance 

... economic forecasting 

... economics of developing areas (the Middle East, Africa, Latin America, and Southeast Asia) 

.. Natural resources 

... international business and marketing 
Salaries for the new positions will range from U.S.$12,000 — 15,000 per year plus modern apartment 
housing and assistance with moving expenses from the U.S., depending on the qualifications of the 
applicant. 


The applicants are requested to send their curriculum vitae with the names of references to: Dr. 
K. W. Kim, Director of Research, Korea International Economic Institute, CPO Box 133, Seoul 
100, Korea. 


_* The Institute is also interested in junior level economists with M.A. or M.S. degrees in Economics, 
Business Administration or Statistics. 


APN 


NEW FROM HOOVER INSTITUTION PRESS 
Stanford University, Stanford, California 94305 


SOCIAL SECURITY 
Promise and Reality 
P179-368 pp-$14.95 cloth Rita Ricardo Campbell 


THE POLITICAL ECONOMY OF THE OIL IMPORT QUOTA 
P172-96 pp-$8.95 cloth Yoram Barzel 
Christopher D. Hall 


TECHNOLOGY AND CIVILITY 
The Skill Revolution in Politics 
P167-111 pp-$4.95 paper Heinz Eulau 


JAPAN’S SEARCH FOR OIL 
A Case Study in Economic Nationalism and International Security 
P165-116 pp-$4.95 paper Yuan-li Wu 


~ 


A 


"ERASER INSTITUTE BOOKS. - 


d 


D JUST RELEASED 
- OIL IN THE SEVENTIES: Essays on Energy Policy 


IN THE SEVENTIES; Edited by G. Campbell Watkins, President, DataMetrics Limited, 
l Calgary and Visiting Professor of Economics, University of 
Calgary and Michael Walker, Research and Editorial Director, 
the Fraser Institute, Vancouver. 

In Part One, Energy in the Marketplace, contributors include 
Russell S. Uhler of the University of British Columbia (on 
economic concepts of petroleum energy supply); Ernst R. 
Berndt of the University of British Columbia (on Canadian 
energy demand and economic growth); and G. Campbell 





“ masa 





ESSAYS ON ENERGY POLICY 


Erne? BERMDT Buse DIER Watkins (on Canadian oil and gas pricing). 
EDWARD ERUCKSON AND HERBERT WwINDKUA 


DAVID QUMIN AMD BAS)L KALYBION In Part Two, Government in the Marketplace, contributors in- 


MICHAEL WALKER, CAMPRELL WATKINS 
x ; 


clude Walter J. Mead of the University of California, Santa 

l : Barbara, (on „private enterprise, regulation and government 
enterprise in the energy sector); and Edward W. Erickson of North Carolina State University and 
Herbert S. Winokur, Jr., of Harvard University (on international oil and multi-national corporations). 


in Part Three, Oil in the Seventies: Policies and Prospects, contributors include G. David Quirin 
and Basil A. Kalymon, both of the University of Toronto, (on the financial position of the petro- 
leum industry) and James W. McKie of the University of Texas at Austin (on United States and 
Canadian energy policy). 

320 Pages . 17 Charts ° 25 Tables ; ° Index 


$3.95 paperback ISBN 0-88975-011:4 . $14.95 hardcover ISBN 0-88975-018-1 , 


—— 


i *x k * 
` PUBLIC PROPERTY? The Habitat Debate Continued 


Essavs on the price, ownership and government of land. Edited by Lawrence B. Smith, Associate 
Chairman, Department of Political Economy, University of Toronto and Michael Walker, the 
Fraser Institute, Vancouver. 

Contributors include: David Nowlan of the University of Toronto (on the land market and how 
it works); Larry R. G. Martin of the University of Waterloo (on the impact of government policies 
on tne supply and price of land for urban development); Stanley W. Hamilton and David E. 
Baxter, both of the University of British Columbia (on government ownership and the price of 
land); Jack Carr: and Lawrence Smith, both of the University of Toronto (on public land banking 


and the price of land); James R. Markusen and "David T. Scheffman, both of the University of | 


Western Ontario (on ownership concentration in the urban land market); Stuart McFadyen of 
the University of Alberta and Robert Hobart of the Ministry of State for Urban Affairs (on the 
foreign ownership of Canadian land) and Michael A. Goldberg of the University of British 
Columbia (on housing and land prices in Canada and the U.S.). 

278 Pages . 7 Charts s 20 Tables 
$5.95 paperback ISBN 0-88975-014-9 $12.95 hardcover ISBN 0-88975-017-3 


xk * * 
WHICH WAY AHEAD? Canada after Wage and Price Control 
Fifteen Canadian economists assess the controls programme, suggest the reasons why it should 
be ended, and propose policies that should be adopted after controls end. Contributors are; 
Doug Auld; Jack Carr, Louis Christofides, Tom Courchene, James W. Dean, John Floyd, Herb 
Grubel, John Helliwell, Stephan Kaliski, David Laidler, Richard Lipsey, Michael Parkin, Simon 
Reisman, Grant Reuber, Michael Walker. 


376 "ages . 5 Charts e 9 Tables . $4.95 paperback ° ISBN 0-88975-010-6 


kk * 
FRIEDMAN ON GALBRAITH...and on curing the British Disease 


Is John Kenneth Galbraith a scientist or a missionary? asks Milton Friedman, Nobel Laureate in 


Economics, 1976. ”. . . the book is a_spirited attack on the Galbraithian world-view.” Financial 
Post. July 2, 1977. 
66 Pages ° $3.95 paperback . ISBN 0-88975-015-7 





| AVAILABLE AT BOOKSTORES OR BY MAIL FROM 
\. THE FRASER INSTITUTE, 626 BUTE STREET, 
À VANCOUVER, BRITISH COLUMBIA, CANADA V6E 3M1 
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When you demand, we supply—it's a rule of 
economics that we have been following for 
years, giving us the reputation in other 
disciplines for producing high-quality basic 
texts. It was only a matter of time before we 
used the rule to produce a principles of 
economics text for you and your students. 


YOU DEMAND 


® MHlexibility—the choice of teaching 
a full curriculum using one text, or a split 
curriculum using a macro or micro text 


® Balanced presentation of standard 
topics—also two high-interest chapters on 
power, wealth, politics, and other financial 
intermediaries 


© Readability—clear, lively, conversa- 
tional style, substantiated by reviewers across 
the country 


© Appealing Format—specia! features 
highlighted in a second color and juxtaposed 
with theory 


@ “Extended Examples” — illustrating 
concepts with real-life economic problems and 
issues 


© “Viewpoints” —normative statements on 
provocative economic issues 


© “Economic Thinkers” —sections ex- 
panding on the views of prominent economists 


® Study Aids— numerous real-life ex- 
amples; outline. summary, and review ques- 
tions for each chapter; glossaries within the text 


For further information write 
Jennifer Toms, Department SA 


| 1900 East Lake Avenue 


Glenview, Illinois 60025 





We supply you with not just one text, but a 
complete introductory economics package that 
meets all your demands. 


_ By Roger Chisholm, Memphis State University 


and Marilu McCarty, Georgia Institute of 
Technology 
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PE AINES. E. JENES EE.. 


PRINCIPLES OF | ° 
ECONOMICS 


January 1978, approx. 736 pages, illustrated, 
hardbound, approx. $12.95 


Principles of Macroeconomics and 
Principles of Microeconomics are 
available. Instructor’s Manual with test bank 
and two Study Guides complete the package. 














Sr 


Scott, Foresman College Division 
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TWELVE current economic issues, each explored from 
TH REE ideological positions, now available in 
ONE book — 


ECONOMIC ISSUES TODAY 


Alternative Approaches 








os. 





Robert B. Carson, 
State University of New York, College at Oneonta 


E A lively and provocative text, expressly designed to stimulate class 
discussion ard student interest in your courses in Principles of 
Economics or Current Economic Issues. 


E Examines twelve vital and current issues—six primarily micro and 
six macro—from liberal, conservative and radical perspectives. 


E Arguments are presented from a first-person advocacy position, 
giving students the impact of a debate that is free of jargon, exces- 
sive citations, or footnotes. 


January 1978 approx. 228 pages 
: paperbound, $4.95 (tentative) 


For a complimertary examination copy, please write (specifying 


course title and approximate enrollment) to: St. M 
artin’s Press 


PO. Box 5352 
New York, N.Y. 10017 “i 


Please mention THe American Economic Review When Writing to Advertisers 
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4 i “I strongly, indeed enthusiastica. 
| endorse the book.” John Kenn. 


MODERN ECONOMIC THOUGHT 
Edited by Sidney Weintraub 
| If you call yourself an economist, you'll require it in your courses on 


economic theory and the history of economic.thought, and use it 
yourself for further research. 


ad 


| The thirty contributors to this volume illuminate and put into — 
perspective the massive literature that has accumulated on modern 
economic thought. : 


Contents 


. I From Marshall to Modernity V Money 

b. l I] Keynesianism VI Growth 
HI Equilibrium Systems VH Distribution Theory 
IV Microeconomics VII Special Topics 


|. ECONOMETRIC MODEL PERFORMANCE: 


į Comparative Simulation Studies of the U.S. Economy 


Edited by Lawrence R. Klein and Edwin Burmeister 
$10.00 


ACCOUNTING GOES PUBLIC 


| Morton Levy 
$10.95 


Published at Penn 

University of Pennsylvania Press 
N 3933 Walnut Street 

Philadelphia, Pennsylvania 19104 


Please mention Tue AmeRICAN Economic Review When Writing to Advertisers 
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NEW PUBLICATIONS 


EDUCATION AS AN INDUSTRY 

[A Conference of the Universities-National Bureau 
Committee. for Economic Research] 

Edited by Jaseph T. Froomkin, Dean T. Jamison, 
The World Bank, and Roy Radner, University of 
California, Berkeley. 

These papers apply economic analyses to the in- 
ternal workings of the educational system in the 
United States—its production functions, cost 
functions, productivity, and the demand for out- 
put. Important policy issues investigated include 
compensatory education, particularly computer- 
assisted instruction; the costs of higher education, 
determinants of faculty-student ratios in higher 
education and variations in the productivity of 
higher education from the 1930s to the 1960s, 
Available $20.00 


RESIDENTIAL LOCATION AND URBAN 
HOUSINGS MARKETS 

(NBER Studies in income and Wealth—43) 

Edited by Gregory K. Ingram, Harvard University 
A collection of reports on recent research in the 
relatively new area of the economics of residential 
location and urban housing markets: the micro- 
economic and spatial aspects of housing markets in 
urban areas .... includes theory and policy analysis 
as well as empirical information. 
In preparation ca. $20.00 
THE DISTRIBUTION OF ECONOMIC 
WELL-BEING 

(NBER Studies in Income and Wealth: Volume 41) 
Edited by F. Thomas Juster, University of Michigan 
This volume focuses on primary issues related to 
both the monetary and non-monetary dimensions 
of income and wealth distribution: the conven- 
tional inzome distribution issues, using either 
unconventional concepts cf output or broader 
concepts of income (economic welfare or well- 
being); functional relationships involving market 
earnings; and the distribution of wealth, both 
human wealth in a life-cycle context and non-human 
or properzy wealth. 


in preparation ca. $20.00 


ALTERNATIVES FOR GROWTH 

The Engineering and Economics of Natural 
Resources Development 

Edited by Harvey MclMains, National Bureau of 
Economic Research and Lyle Wilcax, Clemson 
University 

The authors of these papers are specialists of inter- 
national reputation whose ideas encompass the 
social and economic, as well as the technological 
aspects of natural resource management economics 
and engineering. 


In preparation ca. $16.50 


ANALYSIS OF INFLATION: 1965-74 

Edited by Joel Popkin, National Bureau of 
Economic Research 

These papers examine the diversity of inflationary 
forces in the United States during the period 


_ 1965-74 and assess the impact of policies designed 


to combat them. The results suggest that econo- 
mists can employ sectoral analysis, consideration 
of international effects and improvements in speci- 


- fications of the determinants of price change to 


develop tools that warn of the emergence of signi- 
ficant reacceleration in inflation areas. 


Available $20.00 


PREVIOUSLY ANNOUNCED 


SUBSTITUTING A VALUE~ADDED TAX FOR 
THE CORPORATE INCOME TAX: First-Round 
Analysis 

Stephen P. Dresch, An-loh Lin and David Stout 
The authors assess the effects of a value-added tax 
on the economy—initial impacts on income distri- 
bution, investment demand, import and export 
demand, and balance of payments; relative magni- 
tude of the various short-term disequilibria which 
would result; and degree of initial disequilibrium 
and disruption at the industry level. $16.50 


MONEY, FINANCIAL FLOWS & CREDIT IN 
THE SOVIET UNION 

George Garvy 

The first monograph in English on this subject, 
this book covers the origins and evolution of the 
Soviet banking system; the role of money and bank- 
ing in the centrally directed economy; the nature 
of payments and financial flaws; the structure of 
credit; foreign trade and exchange; stabilization 
policies and price developments and the signifi- 
cance of the economic reforms of 1965. ca. $16.50 


DaN 
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ALTERNATIVES TO GROWTH 

Edited by Dennis Meadows, Dartmouth College 
Papers from the 1975 Alternatives to Growth 
competition .and conference questioning how soci- 
ety can provide a good life for citizens without 


_ ever-increasing population growth, energy resource 


use, and physical output. ca. $16.50 
INFLATION AND CAPITAL MARKETS 
Edited by Marshall Sarnat, Hebrew University 
Prominent economists and financial experts from 
the United States, Canada, Israel, Germany, Italy, 
and the United Kingdom assess the impact of infla- 
tion on capital markets. Topics include: inflation 
and the return on investments; inflation and the 
capital-asset pricing model; and indexation. 

ca. $17.50 


TAXATION AND MINING T 
Lessons from the Bolivian Experience 

Malcolm Gillis, et al, Harvard University 

integrating the expertise of economists, geologists 
and business specialists, this book focuses on tax 
policies for the non-fuel mineral sector in develop- 
ing countries, particularly Bolivia—it covers the 
formulation and implementation of policy, devel- 
opment planning, mineral economics, geology, 
concessions policy, and problems of public-owned 
enterprise. ca. $25.00 


FROM GUNS TO BUTTER 

Technology Organizations & Reduced Military 
Spending in Western Europe 

Bernard Udis, University of Colorado 

How high technology organizations—particularly 
aerospace, electronics and nuclear facilities—cope 
with declining defense budgets—assesses effects of 
arms exports and government policies in support 
of civil science and technology; and the role of 
international relations. ca. $16.50 


MILITARY EXPENDITURE LIMITATION FOR 
ARMS CONTROL: PROBLEMS AND 
PROSPECTS 

With a Documentary History of Recent Proposals 
Abraham S. Becker, The Rand Corporation 
Economic, military and political issues which must 
be solved if expenditure limitation agreements 
among the major powers are to become a serious 
possibility. ca. $17.50 





MUNICIPAL FINANCE 

The Duke Law Journal Symposium 
Duke Law Journal, Duke University 
Outstanding theoreticians and practitioners address 
the most important aspects of the municipal . 
finance dilemma. They discuss the municipal ` 
securities market—its characteristics, its peculiari- 
ties with respect to disclosure and possible liabili- 
ties of bond counsel—and the underlying social and 
economic issues. ca. $17.50 


POVERTY AND HEALTH 

Economic Causes and Consequences of Health 
Problems 

Harold S. Luft, Stanford University 

Education and income are strongly related to the 
probability of becoming disabled. This book identi- 
fies the poverty-related occupational and socio- 
economic factors which must be considered in 
policy determinations. ca. $15.50 


HEALTH CARE CAPITAL 

Competition or Control? 

Edited by Gordon K. MacLeod and Mark Perlman, 
University of Pittsburg 

A unique assemblage of old and new voices in the 
field of health care financing explore current and 
future trends of capital formation, health mainten- 
ance organizations, reimbursement mechanisms, 
and tax policy affecting the entire health care 
field. ca. $27.50 


VERTICAL CONTROL OF MARKETS 

Business and Labor Practices 

Frederick R. Warren-Boulton, Washington 
University 

This study proposes a general economic model of 
vertical control, applicable to ali users and respan- 
sive to the need for analyzing the motivations for 
vertical control and its effects—regardless of tne 
form of control employed or the economic units 
involved. ca. $17.50 


Order from publisher. 


i 
a Ballinger 212200000008 
PUBLISHING COMPANY 


17 Dunster Street, Harvard Square, Cambridge, MA 02138 
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UNITED NATIONS PUBLICATIONS 
Room A-3315 
New York, NY. 10017 


Order No. E/F.77.XVII.1 


IY PUBLICATIONS FROM UNITED NATIONS 


STATISTICAL YEARBOOK 1976 


Important. compilation of statistics from countries 
throughout the world covering a wide range of eco- 
nomic and social subjects, including: population, 
agriculture, manufacturing, construction, transport, 
trade, balance of payments, national income, educa- 
tion and culture. Improved statistical coverage has en- 
abled the YEARBOOK to widen the territorial scope of 
many of its tables and to provide more comprehensive 
and accurate world and continental aggregates. 


Clothbound $45.00 


UNITED NATIONS PUBLICATIONS 
Palais des Nations 7 
1211 Geneva 10, Switzerland 















“Freedom in Constitutional 
Contract: Perspectives of a 
Political Economist 

By James M. Buchanan 


A noted economist’s ccntribution to the 
“contractarian revival,” or the renewed 
interest in the social contract in evaluating 
political alternatives, these essays reflect his 
conviction that economic perspectives are 
valuable to discussion of basic issues of so- 
cial philosophy. 

From these perspectives Buchanan re- 
jects anarchy, historical determinism, and 
other alternatives for social order in favor of 


~ 


_ ~ “freedom in constitutional contract,” hold- 


ing the view that reform in constitutional- 


legal rules is possible and that choice among 
alternative sets of rules is distinguished 
from attempts to set policy within an exist- 
ing set of rules. ca. 408 pp. Bib. In- 
dex. $13.50 


RECENTLY PUBLISHED 


Regulating Competition in Oil: Government 
Intervention in the U.S. Refining Industry, 
1948-1975. By E. Anthony Copp. Shows how 
federal and state governments have influenced 
refining industry structure, caused unacceptably 
high costs, and undermined long-term national 
energy goals. 280 pp. $14.50 


Governmental Controls and the Free Market: 
The U.S. Economy in the 1970's. Edited by 
Svetozar Pejovich. Contributors including 
Armen Alchian, William A. Niskanen, James 
Buchanan, and Gordon Tullock examine gov- 
emmiental economic activity. 225 pp. $12.50 


Wwe TEXAS A&M UNIVERSITY PRESS Drawer C, College Station, Texas 77843 
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Economically speaking. .. 
Wiley/Hamilton books — 
Say it for themselves! — 


THE MARKET SYSTEM, 3rd Ed. 

An Introduction to Microeconomics 
Robert H. Haveman, The University of 
Wisconsin, Madison, & Kenyon A. Knopf, 
Whitman College 

This distinct alternative to ordinary introductory 
microeconomic theory books presents the prin- 
ciples of microeconomics in a systematic and 
logical way—within the framework of a market 
economy system. important improvements make 
this third edition a vital “real-world” textbook for 
use in Principles of Economics courses—a crys- 
tal-clear exposition; presentation of theoretical 
material with a view of its application by exam- 
ples; a greater emphasis on social welfare impli- 
cations of various behavior forms and economic 
structures, plus material on market failures and 
collective action; placement of more technical 
material in appendices; inclusion of problems 
and discussion questions after each section 
containing theoretical material. 

(0471 36188-7)cloth January 1978 
Forthcomin 

(0 471 36187-9) pap er 

Wiley/ Hamilton hocaieten to Economics 


Series 


INTERNATIONAL ECONOMIC 
PROBLEMS, 3rd Ed. 

James C. Ingram, The University of North 
Carolina at Chapel Hill 

Ingram’s new edition provides a concise and 
authoritative account of the major international 
economic problems facing our contemporary 
world. As an essential preliminary to the discus- 
sion of these problem areas, his early chapters 
outline the basic theory of international trade 


and monetary relations—offering a comparable . 


coverage of issues that would otherwise take 
several books and numerous not-readily-avail- 
able journals to obtain. 

(0471 02182-2) paper January 1978 
Forthcoming 

Wiley/ Hamilton introduction to Economics 


' Series 


WILEY/ HAMILTON. 


TRANSPORTATION ECONOMICS AND 
PUBLIC POLICY 

With Urban Extensions 

Alan Abouchar, the University of Toronto 
Abouchar discusses three main aspects of 


. transportation analysis—Pricing Principles and 


Policy, Cost Theory and Measurement, and 
Investment—within an integrated framework. He 
not only takes into account the mutual interac- 
tions among these three issues, but:also the 
constraints implied by the theory of optimal pub- 
lic expenditures and welfare economics. Abou- 
char maintains a constant dialogue between 
theory and practice in order to derive operation- 
al guidelines for pricing applicable to real-life 
counterparts of theoretical constructs. 

(0471 02101-6) 326 pp. 1977 $17.95 


Also from Wiley/ Hamilton— 


INTRODUCTORY STATISTICS FOR 
BUSINESS AND ECONOMICS, 2nd Ed. 


T. H. Wonnacott & R. J. Wonnacott, 


both of the University of Western Ontario 
(0471 95980-4) 753 pp. 1977 = $15.95; 


MONEY AND BANKING, 3rd Ed. . 
An Introduction to Analysis and Policy 
John G. Ranleti, California State Univera Y, 


Sacramento 
(0 471 70815-1) 1977 "$44.95 


MONEY AND BANKING 
Donald T. Savage, the University of Maine 


at Orono 

(0471 75519-2) 1977 $14.95 

MACROECONOMICS 

Models and Policy 

Yiannis P. Venieris & Frederick D. Sebold, _ 

both of San Diego State University ao 
13.9 


614 pp. 


491 pp. 


(0471 90560-7} - 655pp. 1977 


To be considered ia complimentary es 
examination copies, write to George Thomsen, 
Dept. 8206. Please include course name, 
enrollment, and title of present text. 


The College Business and Economics Group of John Wiley & Sons, Inc. 


1129 State Street 


Santa Barbara, California 93101 


Prices subject to change without notice. 


A-8206-21 
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Economic Perspectives 


Further Essays on Money and Growth 


SIR JOHN HICKS. (J This collection of essays is representative of Sir John Hicks’ later work which he 
desires to distinguish from nis earlier work that has become part of an economic orthodoxy. A central 
theme of this later work is that theories arise and should arise from experience, for all theories are simpli- 
fications, and the simplification which is appropriate at one time is inappropriate at another. 

1977 232 pp. $8.95 


The Theory of Protection 


W. M. CORDEN. [ Originally published in 1971, The Theory of Protection is now available in paperback. 
1977 (cloth 1971) 280 pp.; 25 text figs. paper $7.75 


The Financing of Economic Development 


W. T. NEWLYN. C] The aim of this book is to consolidate and add to existing knowledge of the financial 
aspects of economic development. The first part is analytical, dealing with three major policy areas (inter- 
mediaticn and credit creations, government savings, and foreign finance} and with the relationships be- 
tween them. This is followed by case studies at various levels of generality drawn from three South Asian 
and four African countries. 

1977 384 pp.; 15 text figs. $22.00 


The Mining Industry and the Developing Countries 


REX BOSSON and BENSIGN VARON. L) This study of the world mining industry examines its structure, 
objectives, and operation and the major factors bearing on them, such as the physical characteristics of 
mineral resources, economies of scale, capital requirements, and economic and political risk. In analyzing 
the principal problems and shallenges facing the industry, the book reviews the role that public and pri- 
vate policy must assume to meet the needs of society while safeguarding the interests of nations, espe- 
cially those of developing countries. (World Bank Research Publication) 

1977 304 pp.; text figs. cloth $13.95 paper $5.95 


Patterns in Household Demand and Saving 


CONSTANTINO LLUCH, ALAN POWELL, and ROSS A. WILLIAMS. O The changing structure of con- 
sumer preferences is viewed in this study as it evolves in a developing economy. Broad patterns in house- 
hold demand and saving are identified using national.accounts data for seventeen countries which span 
the development spectrum. The effect of changes in a number of socioeconomic and demographic vari- 
ables on demand and savings parameters are analyzed using household budget data from eight develop- 
ing countries. (World Bank research Publication) 

1977 288 pp., 5 illus.; 98 tables cloth $14.95 paper $6.95 


Agrarian Reform as Unfinished Business 
The Selected Papers of Wolf Ladejinsky 


Edited by LOUIS J. WALINSKY. CI Collected here is a selection of the best and most important writings of 
Wolf Ladejinsky, the chief architect of the first major and most successful land reforms after World War II. 
His contributions made a major impact on our understanding of the crucial role of agriculture in eco- 
nomic development, and the need for technological progress to be complemented by tenurial reforms 
and social justice. (World Bank Research Publication) 

1977 800 pp. cloth $22.00 paper $10.95 


Prices are tiie to change. OX FOR D 
UNIVERSITY 
PRESS 


200 Madison Ave., New York, N.Y. 10016 
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New Fourth Edition... 
Examines Both 
Macroscopic And 
New Microscopic 
Perspectives 


The new Fourth Edition of INTERNATIONAL TRADE AND 
INVESTMENT by Root studies international trade from both the tradi- 
tional macroscopic perspective (focusing 6n governmental policy) and 
the new microscopic perspective (presenting the multinational enter- 
prises as the dominant private institution in the world economy). 

The text has been reorganized into 4 parts: International Trade, 
International Payments, international Development, and International 
Investment/Multinational Enterprise. The result is a text which effec- 
tively pulls together and integrates theory and policy chapters. Four 
chapters in the text are entirely new. 

All developments in the international ashe that have occurred - 
since the Third Edition through the early summer of 1977 are included. 

A comprehensive Instructor’s Manual is available to users of the 
Fourth Edition. It contains’suggested outlines for a variety of semester 
and quarter length courses, a statement of purpose for each chapter, 
suggestions for presenting each chapter, a listing of all new terms intro- 
duced in the chapter, suggested solutions to end-of-chapter questions, 
and objective test questions for each chapter. 

Write today to reserve your personal examination copy of the new 
Fourth Edition of INTERNATIONAL TRADE AND INVESTMENT 
by Root. 











SOUTH-WESTERN PUBLISHING CO. 


$101 Madison Road, 355 Conde Strest, 41310 Gemini Lane, 925 Spring Road, 855 California Avenues, 
Cincinnati, GH 45227 West Chicago, IL 69185 Dalas, TX 75229 Pelham Manor, NY 10803 Palo Alte, CA 94304 
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International Economics 


An Introduction to Theory and Policy 


Salvatore Schiavo-Campo 
Jniversity of Massachusetts, Boston 


This comprehensive introduction to interna- 
ional trade and finance was designed for the 
yne-semester undergraduate course. It offers a 
Jnique three-tiered approach: textual material 
s followed by a recapitulation of the argument 
n diagrammatic language, with mathematical 
ormulations, when appropriate, in footnotes. 
This multi-leveled presentation makes 
NTERNATIONAL ECONOMICS appropriate 
‘or a heterogeneous group of students. Famil- 
arity with introductory economic principles is 
‘he only prerequisite. Schiavo-Campo places 
sonsideratle emphasis on theory in its histori- 
sal context. He also provides a historical over- 
view, up to and including current developments, 
of both commercial policy and international 
inancial policy. 


‘You have a good book here. It is aimed at an 
mportant market and the aim is accurate. It is 
‘igorous and well-written, ... itis well-organ- 

zed and covers the principle topics.” 

—Peter Kenen, Princeton University 


Sloth approx.40Q0 pages January 1978 | 


Macrofinance 


The Financial System and the Economy 


Frank J. Jones 
San Jose State University 


Frank Jones designed his new text to provide a 
broad and basic descriptior of the financial sys- 
tem and the parts of the eccnomy that are 
related to the financial system. In particular, the 
book describes the financial and economic 
environments of the business firm. MACRO- 
FINANCE is appropriate for the introductory 
corporate finance course, as a supplement to 
the basic text. Its extensive coverage also 
makes it appropriate for courses in financial 
markets and institutions, money and banking, 
and even principles of macroeconomics. This 


broad appeal is enhanced by a strong concep- 
tual framework, which is presented in a non- 
technical, descriptive manner. The most cur- 
rent, applicable data is used to illustrate 
conceptual interrelationships, and to show the 
rapid, major shifts in the financial system in 
response to changing conditions. 


“lam quite pleased with the material. | feel it will 
be an excellent supplement to a basic corporate 
finance text. Jones’ manuscript does an excel- 
lent job of providing a basic background con- 
cerning the economic and financial systems, 
and of the financial institutions that operate in 
these systems.. Gregory Morton, University 
of Connecticut 


Paper approx. 336 pages February 1978 


Principles of 


Financial enn 


Seymour Friedland 
York University, Ontario 


Designed for students taking their first course in 
finance, either as undergraduates or in MBA 
programs, this new text offers a brief yet thor- 
ough treatment of major financial concepts. 
Friedland effectively blends the three major 
areas of finance: managerial, investments, and 
capital markets/institutions. He emphasizes the 
role of risk and the capital asset pricing model, 
viewing corporate financial decisions in terms 
of their impact on the firm's risk coefficient. 

The effect of inflation on yields and financial 
decisions is also treated. 


“This is an excellent short presentation of mod- 
ern finance concepts in an integrated fashion. 
It is a fresh, lively presentation with very con- 
cise and tight writing. The major points/topics 
are here, the material flows well, and the organ- 
ization is sound. In short, the reader can obtain, 
by studying this text, a good understanding of 
modern finance ina relatively short space. 
This is no small accomplishment.” 

—Charles P. Jones, North Carolina State 
University 


Cloth approx. 288 pages January.1978 


For an examination copy of any title listed here, please write to: 
Richard Marran, Dept. 378, Winthrop Publishers, 
7 Dunster Street Sia Mans: 02138. 
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The Future of the World 


Economy 
A United Nations Study by 
Wassily Leontief et al 


WASSILY LEONTIEF, ANNE P. CARTER, 
and PETER PETRI. O Over the last two 
years, governments from all parts of the 
world have accepted the concept of estab- 
lishing a more just and equitable world trad- 
ing and financial system—-A New Interna- 
tional Economic Order. Sponsored by the 
United Nations, this landmark study pro- 
vides an unusually clear picture of the eco- 
nomic and policy measures needed to put 
this concept into practice over the next 
twenty-five years. By employing input- 
output analysis, the econometric technique 
pioneered by Nobel Laureate Wassily L.eon- 
tief, it gives deeper insight into the inter- 
locking complexity of the world economy 
than any before it and reaches decidedly op- 
timistic conclusions about the physical and 
environmental potential for accelerated eco- 
nomic growth in the years ahead. 
19 128 pp.; tables cloth $12.95 
paper $4.95 


The Joyless Economy 

An Inquiry Into Human | 
Satisfaction and Consumer 
Dissatisfaction ; 

TIBOR SCITOVSKY, Stanford University. O 
“Altogether this is a brilliant contribution to 
welfare economics..." — The Economist. “A 
Superb book, full of insights And vignettes 
that are immensely stimulat§ng....A book 
that one must absolutely redid.” —Jagdish 
Bhagwati, Massachusetts Ifstitute of Tech- 
nology. “We as economists{ would do well to 
reformulate our conventional modes of 
thought in light of Scitovskyf’s findings” 
—~ Harvey Liebenstein, Harvgard University 
1976 (paper 1977) 334 pp.; tables 
. clot 9 wie’ $3.95 


Leading Issues in 


Economic Development 
Third Edition 

GERALD M. MEIER, Stanford University. 

O The third edition of this well-integrated 
course book emphasizes the. strategic 
policy issues in accelerating the develop- 
ment of poor countries. It makes readily ac- 
cessible a meaningful range of theoretical, 
applied, and policy materials. Writings by 
foremost development economists, selec- 
tions from government reports, interna- 
tional conferences, and research studies 
are included. The “leading issues” now 
coalesce in a central theme: policies 
designed to eradicate poverty, reduce ine- 
quality, and deal with the problem of unem- 
ployment. New chapters have been added 
to illuminate this theme and two-thirds of 
the selections are new. “Excellent job of 
keeping with current issues....”--William F. 
Steel, Vanderbilt University 

1976 880 pp.; tables paper $11.00 


Marxism and the 


Metropolis 

New Perspectives in Urban 
Political Economy 

Edited by WILLIAM K. TABB, Queens 
Coliege, City University of New York; and 
LARRY SAWERS, The American University. 
Q The twelve papers in this collection 


: represent the best of a growing radical 


literature on contemporary urban issues. 


The work offers a fresh approach to such _ 


topics as changes in the technology and 
organization of the metropolis, urban rede- 
velopment policies, housing and fiscal prob- 
lems, and the conflicts between the interest 
groups that analyze and.solve urban ills, and 
determine urban policy. 
March 1978 288 pp. * cloth $10.00 
paper $5.50 
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Two excellent textbooks 
have just become 
even better. 


` ~ 
PEON va 
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“MONEY: AND THE ECONOMY 
. FOURTH EDITION 
JOHN J..KLEIN, Geergia State University 


The w Fourth Edition of this highly 
respectéd textbook for the first course 
in money and banking is a thorough 
revision and reorganization that re- 
tains the clarity anc balance of pre- 
vious editions, while incorporating 
much timely new material and refining 
still further an alrzady- outstanding 
presentation. Professor Klein provides 
a comprehensive explanation and 
- analysis of financial institutions and 
markets and of economic theory and 
policy and gives balanced coverage to 
the classical, Keynesian, monetarist, 
and neo-Keynesian positions. Impor- 
tant changes in this riew edition include 
the extension of the model of income 
determination to include price level 
fluctuations and inflation and their 
effects on monetary and fiscal policy; 
revision of the chapter on commercial 
banking structure and the Federal Re- 
serve system, inclucing a new discus- 
sion of the relationship between 
member and nonmember banks; and 
a general updating throughout to deal 
with the latest institutional, theoretical, 
and policy developments. 


600 pages 
Publication: January 1978 
Examination copies now available 


MACROECONOMIC ANALYSIS 
FOURTH EDITION 
EDWARD SHAPIRO, University of Toledo 


Carefully worded explanations and 
useful diagrams remain the main ex- 
pository tools of this strikingly clear 
treatment of the essentials of macro- 
economic measurement, theory, and 
policy. Major substantive changes in 
this edition include the réduction of 
the material on national income ac- 
counting from four chapters to one 
(with detailed treatment of the subject 
still available in a long, end-of-book 
appendix); expansion of the material 
on inflation from one to two chapters, 
with a new chapter treating the. effects 
of inflation on distribution of income 
and wealth, employment, output, and 
growth; a new chapter extending the 
IS-LM model to incorporate the bal- 
ance of payments and international 
trade; and ja new chapter tracing the 
derivationi of the Keynesian and 
classical aggregate supply functions. 


Da 


576 pages | 
Publication: denuary 1978 
Examination c¢ppies now available-- 










Accompanied Sy 

STUDENT W@RKBOOK 
revised by Edufard Shapiro s, 
Publication: Spritig 1978 


m -A Distinctive Selection 


THE ECONOMICS OF MONEY AND BANKING 
Seventh Edition 
LESTER V. CHANDLER and STEPHEN M. GOLDFELD 


The Seventh Edition of this long-time leading seller provides a detailed treatment 

of the principles, processes, and problems of monetary and banking systems and 

their roles in thé economy. Especially notable in the Seventh Edition: extensive 

coverage of monetary theory ... effectively compressed chapters on monetary history 
. emphasis on the‘roles of the public, the banks, and the Federal Reserve in the 

money supply process. 630 pages; $14.95. 1977. ISBN 0-06-041234-8. 

Study Guide by Wiliams and Woudenberg: $6.95. Instructor’s Manual. 


MACROECONOMICS 
WILLIAM H. BRANSON and JAMES M. LITVACK 
433 pages; $14.95. 1976. ISBN 0-06-040934.7, 


AN INTRODUCTION TO MATHEMATICAL 

ECONOMICS METHODS AND APPLICATIONS 
` G. C. ARCHIBALD and RICHARD G. LIPSEY 

576 pages; $17.95. 1976. ISBN 0-06-040324-1, 


















To request examination copies, please write to Alec Lobrano, 


Dept. 492. z Harper @ Row 


1817 10 East 53rd Street, N.Y., N.Y. 10022 
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The United States” OPEC, and Multinational Oil 








Frank R Wyant, The George Washington University w 
Evaluates the effect of government intervention on © 
the international petroleum industry. : , j 
Fall 1977 LC77-217 ISBNO 66901 433.8 Managing Intemational Economic 

interdependence 
Commodity Agreements and Piice Stabilization Selected Papers of C. Fred Bergsten, 1975-1976 
David L. McNicol C. Fred Bergsten, The Department of the Treasury O) 
Covers the major issues raised by the integrated Covers monetary reform, trade, multinational 


»{| commodity agreement system of the Third World, corporations, raw materials, the Third World, and 


|| Fall1977 LC77-75626 ISBN 0-669-01539-3 international economic policy. 
. Fall 1977  LC77-2517 ISBN 0-669-01516-4 


ii... Essays in Public Economics : 4 
$ “The Kiryat Anavim Papers Monetary and Economic Activity 


te, 
X 


+ Fa 





edited- iby Agnar Sandmo, Norwegian School of 
Economics and Business Administration 

- An ‘exploration of public economics. 
/ Mimterispilag 1978 LC 717 „IS BN 0-669-01424-9 


The Voluntary Nonpratit Sector 
An Ecé omie  Aralysis ; pe 


f ee Suton Welsbrod Uateraity of Wisconsin . 





’ 
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An Analytical Approach 

Myron B. Slovin, Georgia Institute of Technology, 
Marie E. Sushka, University of Georgia 

Examines the fundamentals of monetary and fi- 
nancial behavior and the macroeconomic role 
and impact of those forces. 

Fall 1977 LC76-20950 ISBN 0-669-00882-6 


thed egnonprofit sectors of the economy. Lexington Books 
ar LC 77-9132 ISBN 0-669-01772:8 l Yar D.C. Heath and Company 
by i, ae ‘ts iad | 125 Spring Street 
i. a Lexington, MA 02173 
RN ba HEATH (242) 994.6460 (617) 862-6650 
OBS Call our toll-free number 
Foods so (800) 428-9292 
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ECONOMICS | 
EXPLORED | 


Thirteen outstanding new or revised texts provide 
sweeping, in-depth, in-detail coverage of the eco- 
nomics scene — yesterday’s, today’s, tomorrow’s. s 











THE ECONOMIC PROBLEM, 5th Edition 


Robert L. Heilbroner —~ New School of Social Research 
‘Lester C. Thurow — Massachusetts Institute of Technology 


Major introductory two-semester principles text with micro-macro organiza: 
tion. Newest edition completely restructures section on American Economic 
Institutions. Includes new chapters on economic reasoning, public finance, anc 
restored material on economic history. Each chapter is preceded by lesson ob- 
jectives and offers running marginal comments, chapter summaries, questions 
and ccmmentaries. Lucid, easy reading style combines with unique treatment 
of economic issues. l ea 


1978 752 pp. (est.) Cloth $14.9: 
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AMERICAN INDUSTRY: Structure, Conduct, Performance, 4th Edition 
Richard Caves — Harvard University 
4977 125 pp. Paper $6.95 


BASIC ECONOMICS, 4th Edition 
R. W. Trenton — Oklahoma State University 
1978 480 pp. (est.) Paper $9.95 


The CAPITALIST SYSTEM, 2nd Edition 

Richard Edwards — Institute of Advanced Study 

Michael Reich — University of California 

Thomas E. Weisskopf — University of Michigan 

1978 592 pp. (est.) Paper $9.95 


THE CHANGING DIMENSIONS OF U.S. AGRICULTURAL POLICY 
A. Desmond O’Rourke — Washington State University 
1978 224 pp. (est.) Cloth $10.95 


ECONOMETRIC MODELS, TECHNIQUES, AND APPLICATIONS 
Michael D. Intriligator — University of California, Los Angeles 
1978 672 pp. (est.) Cloth $19.95 


FINANCIAL MARKET RATES AND FLOWS 
James C. Van Horne — Stanford University 
1978 240 pp. (est.) Paper $14.95 


GOVERNMENT FINANCE: National, State and Local 
Wayland Gardner — Western Michigan University 
1978 464 pp. (est.) Cloth $13.95 


{INTRODUCTION TO ECONOMETRICS 
Henri Theil — University of Chicago 
1978 500 pp. (est.) Cloth $16.95 


LABOR ECONOMICS AND LABOR RELATIONS, 7th Edition 
Lloyd G. Reynolds — Yale University 


1978 672 pp. (est.) Cloth $16.95 
LEGAL SYSTEMS 

Blair Kolasa and Bernadine Meyer — both of Duquesne University 

1978 512 pp. (est.) Cloth $14.95 


PRICES AND MARKETS, 3rd Edition 
Robert Dorfman — Harvard University 
1978 272 pp. (est.) Paper $6.95 


READINGS IN LABOR ECONOMICS AND LABOR RELATIONS, 2nd Edition 
Lloyd G. Reynolds — Yale University l 

Stanley Masters — University of Wisconsin 

Collette H. Moser — Michigan State University 

1978 7 480 pp. (est.) Paper $9.95 


For further information, or to order or reserve your 
examination copies of any of the above texts, 
please‘ write to: Robert Jordan, Dept. J-940, 
Prentice-Hall, Inc., Englewood Cliffs, New Jersey 


re Prentice-Hall 


Prices subject to change without notice. 
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THE. PROCESS OF ECONOMIC PLANNING 
Zoltan Kenessey 
Kenessey’s ‘market-oriented, T approach to economic 
planning discusses such topics as elaboration of development plans 
and techniques, as well as the controversial question of economic 
planning in the United States, A valuable introduction to the field. 
$16.50 


LECTURES ON THE THEORY OF PRODUCTION 

Luigi L. Pasinetti 

A clear and accessible approach to the classic theory of production, 
which has recently returned to prominence with the work of Wassily 
Leontief and Piero Sraffa. Includes detailed presentations of Leon- 
tief’s input-output analysis and Sraffa’s production model. $15.00 


AN ECONOMIC HISTORY OF ARGENTINA IN 

THE TWENTIETH CENTURY 

Laura Randall 

In this book Randall demonstrates that Argentina has remained re- 
markably independent of other nation’s economic empires, and that 
Argenzina’s frequently changing government policies have been the 
key variables in the performance of the Argentine economy. 


Columbia Economic History of the Modern World $17.50 


i ; 
THE SOCIAL THOUGHT OF BERNARD MANDEVILLE 
VIRTUE AND COMMERCE IN EARLY EIGHTEENTH 

CENTURY ENGLAND 

Thomas A. Horne 

In attempting to understand Mandeville’s work as an analysis and 
defense of the commercial society which emerged in England fol- 
lowing the Restoration of 1660, Horne shows how Mandeville ex- 
plained the material progress of the era without, however, justifying 
commercial society morally. $15.00 


To order send check or money order to Dept. JN. Individuals must enclose payment. 
institutions may request billing. 


Í COLUMBIA UNIVERSITY PRESS 


Address for orders: 
136 South Broadway, Irvington, New York 10533 
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PUBLICATIONS 


provide the most extensive and up-to-date in- 
formation on the world of wark; the latest 
worldwide developments in labor legislation, 
collective bargaining agreements, improvement in the quality of 
working life, social security, and related subjects; statistics on 
employment and unemployment, wages, hours of work, produc- 
tivity and consumer prices. 








eee Pensions and Inflation 


OENLIAMS An Intemational discussion. | p 

AR | This publication includes a collection of papers presented by participants at a 
Baer, recent international symposium on the policy implications of inflation and cur- 

ALA AAWAY rency instability for the financing and benefits of both state and private pen- 
oF LY 4 sion plans. Consideration is given to remedial measures, desirable pclicies and 


=. , the future outlook for pension plans. Cloth $1 2.95 Paper $8.95 
i Adapting Working Hours to 
Modern Needs. 


The time factor in the new approach to working conditions by D. Maric. 
New patterns of working hours are discussed—a continuous working day, 


Shorter work week, staggering of hours, flexible hours, part-time work and the 
arrangement of the working year with reference to staggering holidays. 


Cloth §9.95 Paper $5.95 
_:| 1977 Yearbook of Labor 
oran- Statistics 
==) The Yearbook presents a summary of the principal labor statistics in some 190 
countries or territories in such areas as:—total and economically active popu- 
lation—employment—unemployment—hours of work—labor productivity— 
l | wages — industrial accidents— industrial disputes — consumer prices (includ- 
tabour statistics il} ing general indices for food, fuel, fight, clothing and rent), $37 95 


; bulletin |. 
des statistiques 


oe Bulletin of Labor Statistics 


boletin nee 
eect, Complements the annual data given in the YEARBOOK OF LABOR STATISTICS. 
The Bulletin is published Quarterly, with eight supplements. 


Single: $5.95 yearn: $17.95 
Combination Order of YEARBOOK and BULLETIN 


Both for §4@4.75 
iN 
0 M INTERNATIONAL LABOR OFFICE 


Suite 330 E, 1750 New York Avenue, N.W. 


el Washington, D.C. 20096 - (202) 634-6335 
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New and Forthcoming Books from 
North-Holland Publishing Company 


Macroeconomic Policy in a Developing 
Country 

The Chilean Experience 

Contributions to Econamic Analysis, Vol. 109 
by JERE R. BEHRMAN, Univ. of Pennsylvania 
1977. 358 pages. 

US $30.75/Dfl. 75.00 


International Organization, National 
Policies and Economic Development 
Carnegie-Rochester Conference Series an 
Public Policy, Vol. 6 

edited by KARL BRUNNER, Univ. of 
Rochester, and ALLAN H. MELTZER, 
Carnegie-Mellon Univ. 

1977. 248 pages. 

US $16.50/Dfl. 40.00 Paperback 


Optimal Policies, Control Theory and 
Technology Exports 

Carnegie-Rochester Conference Series cn 
Public Policy, Vol. 7 

edited by KARL BRUNNER, Univ. of 
Rochester, and ALLAN H. MELTZER, 
Carnegie-Mellon Univ. 

1977. 246 pages 

US $14.50/Dfl. 35.00 Peperback 


Studies in Bayesian Econometrics and 
Statistics 
In Honor of Leonard J. Savage 


edited by STEPHEN E. FIENBERG, Univ. of 
Minnesota, and ARNCLD ZELLNER, Univ. 
of Chicago. 

qst reprint 1977 as a 2-volume paperback 
edition 

Vol. 1: 334 pages. Vol. Z: 372 pages. 

Price per volume: US $24.50/Dfl. 60.00 

Price per 2-volume set: US $43.95/Dfl. 108.00 


Project Evaluation and Discounted 
Cash Flow 

A Reassessment and an Alternative 
Suggestion 

by H. P. J. HEUKENSFELDT JANSEN 
1977. 220 pages. 

US $28.75/Dfl. 70.00 


ELSEVIER NORTH-HOLLAND, Inc. 


Frontiers of Quantitative Economics, 
Vol. 3 

Papers Invited for Presentation at the Econo- 
metric Society Third World Congress, 
Toronto, 1975. 


Contributions to Economic Analysis, Vols. 
105 and 106 

edited by MICHAEL INTRILIGATOR, Univ. 
of California, Los Angeles. 

Vol. III A: 1977. 410 pages 

Vol. IH B: 1977. 476 pages 

Price per volume: US $40.95/Dfl. 100.00 


Lectures on Macroeconomic Planning 
Part 1: General Aspects 

by LEIF JOHANSEN, Univ. of Oslo 

1977. 366 pages 

US $28.75/Dfl. 70.00 


A Theory of the Individual for Economic 
Analysis, Vol. 1 


Contributions to Economic Analysis, Vol. 114 
by JACQUES LESOURNE, Conservatoire 
National des Arts et Métiers, Paris 

1977. 416 pages 

US $42.95/Dfl. 105.00 


Theory and Application of 
Environmental Economics 

Studies in Regional Science and Urban 
Economics, Vol. 1 

by PETER NIJKAMP, Univ. of Amsterdam 
1977. 350 pages. 

US $24.50/Dfl. 60.00 


Kinometrics 
Determinants of Socioeconomic Success 


Within and Between Families 


‘Contributions to Economic Analysis, Vol. 116 


edited by PAUL TAUBMAN, Univ. of 
Pennsylvania 

1977. 332 pages. 

US $26.75/Dfl. 65.00 


0539 


52 Vanderbilt Avenue, NEW YORK, NY 10017 / P.O. Box 211, AMSTERDAM, The Netherlands 
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Quantitative Wirtschaftsforschung 


(Quantitative Research in Economics) 


in Honor of the 60th Birthday of 
WILHELM KRELLE 


Edited by 
Horst Albach, Ernst Helmstadter, and Rudolf Henn 


Contributors: 


Hans Kiinzi — Horst Albach — Robert James Ball ~ Anton Petrus Barten/Gonzague d’ 
Alcantara — Martin J. Beckmann — Edwin von Béventer - Georg Bol — Gottfried Bom- 
bach — Karl Borch — Karl Brandt — Hans Brems — Martin Bronfenbrenner — Wolfgang 
Eichhorn/Helmut Funke — Gustav Feichtinger ~ Franz Ferschl — Hans Follmer — Walter 
Frerichs/Knut Kübler ~ Günter Gabisch ~ Karl-Walter Gaede — Frank Hahn — John C. 
Harsanyi — Ernst Helmstadter - Rudolf Henn ~ Wilhelm Henrichsmeyer — Kurt Hilden- 
brand/Werner Hildenbrand — Claude Hillinger/Klaus W. Schüler ~ Arno Jaeger — Walter 
Adolf Jéhr — Dale W. Jorgenson/Lawrence J. Lau ~ Kalman Kádas — Peter Kischka — 
Lawrence R. Klein — Heinz König — Hartmut Kogelschatz — Bernhard Korte/Martin Gröt- 
schel — Maurice McManus — Jacob Marschak — Günter Menges — Otto Moeschlin/Claus 
Hild — Jürg Niehans — Walter Oberhofer ~ Werner Ocettli ~ Alfred E. Ott — Klaus Ritter 
— Paul A. Samuelson — Ryuzo Sato ~ Wilhelm Scheper — Peter Schönfeld — Ronald W. 
Shephard/Rokaya A. Al-Ayat/Robert C. Leachman — Jürgen Siebke - Frank Stehling — 
Gerhard eens Worgétter — Walter Vogel ~ Carl Christian von Weizsäcker — 
Herman Wold. 


1977. VIII, 765 pp. Clothbound DM 245. 


ZEITSCHRIFT FÜR DIE GESAMTE STAATSWISSENSCHAFT 
Special Issue 


Profit Sharing 


Edited by 
Rudolf Richter and Heinz Sauermann 


Contents 

Editorial Preface — Profit-Sharing with Limited Liability ~ Paul A. Samuelson: Thoughts 
on Profit-Sharing — Anthony B. Atkinson: Profit-Sharing, Collectiv Bargaining and Em- 
ployment Risk — Olaf Sievert/Horst Tomann: Allocational Aspects of Profit-Sharing — 
Ekkehart Schlicht/Carl C. v. Weizsäcker: Risk Financing in Labour Managed Economies: 
The Commitment Problem — Elke Schafer: Wealth Redistribution and the Scope of Risk 
Trading — An Application of the Time-State Preference Theory — Günter Franke: Allo- 
cation of Risk and Productive Efficiency under Different Wage Systems — Michael Bitz: 
Objectives and Instruments of Wealth Policy. 

1977. Ca. 200 pp. Paperback DM 50. (for subscribers, DM 44.-). 





J.C.B. Mohr (Paul Siebeck) 


D-7400 Tübingen (Germany) P. O. B. 2040 
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-Distinguished New Books 


AGRICULTURAL ECONOMICS 
Principles and Policy 
Christopher Ritson 


The first in-depth study to take into account the new 
developments that have refined the discipline in the 
last ten years, this volume is a comprehensive sur- 
vey of contemporary agricultural economics and 
the components of an economic system which are 
normally regarded as being within the agricultural 
economist's sphere of nterest. 


October 1977 300 pages 
ISBN 9-312-01460-0 $18.95, cloth 
AN ANNOTATED 
BIBLIOGRAPHY OF 

HEALTH ECONOMICS 


A. J. Culyer, J. Wiseman, and A. Walker, Editors 


This invaluable reference work is the first coherent 
bibliography that facilitates access to all published 
materials in the field. The book includes over fif- 
teen hundred carefully categorized and annotated 
entries. 


September 1977 384 pages 
ISBN 0-312-03873-9 $27.95, cloth 
DEVELOPMENT ECONOMICS 
IN ACTION 


A Study of Economic Policies in Ghana 
Tony Killick 


Professor Killick’s new book shows how economic 
policies in Ghana have reflected all the basic chang- 
ing fashions in development economics, thereby 
explaining the distinctive importance of this small 
African nation as a case study for economic growth. 


September 1977 300 pages, illustrated 
ISBN 0-312-19682-2 $16.95, cloth 


ECONOMIC EFFECTS OF 
PUBLIC DEBT 


Anibal A. Cavaco-Silva 


This comprehensive study of the effects of public 
borrowing on the consumption-investment mix and 
the level of output is the first such work to taxe into 
consideration the modern theories of saving be- 
havior. The author provides a complete examination 
of how debt financing influences current income, 
aggregate private net worth, and human wealth. 


September 1977 192 pages 
ISBN 0-312-23222-5 $16.95, cloth 
THE EURO-DOLLAR SYSTEM 


Practice and Theory of International Interest Rates 
Sixth Edition 


Paul Einzig and Brian Scott Quinn 


Extensively revised and brought thoroughly up to 
date, this is the sixth edition of the classic work on 
the Euro-dollar market. Previous editions have been 
hailed as “... virtually a compendium of a dynamic- 
ally growing financial sector...Einzig must rank as 
the leading authority on the subject (Choice),” 


December 1977 260 pages 
ISBN 0-312-26741-X $16.95, cloth 


GROWTH AND DEVELOPMENT 
A Physical Output and Employment Strategy 


S. S. Park 


The author formulates a practical growth strategy 
for material output and employment by makirg ex- 
tensive use of physical output analysis. Primary 
emphasis is placed on physical goods production 
mechanisms rather than on monetary aspects of 
economic activities in developing economies. 


September 1977 260 pages 
ISBN 0-312-35128-3 $16.95, cloth 


ee A a ee ee 
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from St. Martin’s Press — 


MODERN CAPITALISM 


its Growth and Transformation 
John Cornwall 


Focusing on the varying economic performances of 
developed market economies from 1950 to the 
present, the author aims to explain why the rate at 
which these economies transformed themselves 
varied so greatly. The book provides a detailed 
account of the structural shifts in employment and 
output within economies and presents a strong 
case for the crucial role played by these factors. 


December 1977 240 pages 
ISBN 0-312-53784-0 $17.95, cloth 


NATIONAL MONETARY AND 
FINANCIAL ANALYSIS 


G. S. Dorrance 


A major contribution to the literature, this new study 
represents the most systematic efforts to date to 
develop coherent principles for the application of 
flow-of-funds analysis. This is the first study to con- 
sider all economic sectors in defining criteria for 
sectorial analysis based on behavior differences. 


December 1977 250 pages 
ISBN 0-312-55947-1 $19.95, cloth 
TWO PHILOSOPHIES OF 


MONEY 
The Conflict of Trust and Authority 
S. Herbert Frankel 


In his provocative examination of our ambivalent 
attitudes toward money, Professor Franke! argues 
that the maintenance of monetary order.is a social 
good, not only for economic and political reasons, 
but for philosophical reasons as well. This is a sig- 
nificant contribution to the literature on economic 
thought concerned with the maintenance of mone- 
tary civility. 


November 1977 
ISBN 0-312-82698-2 


170 pages 
$14.95, cloth 


THE EUROPEAN ECONOMY, 
1914-1970 


Derek Aldcroft 


Dr. Aldcroft identifies the main components of 
economic change in Europe and analyzes the 
forces which have shaped Europe's national and 
international economies in the twentieth century. 


December 1977 260 pages 
ISBN 0-312-27029-1 $16.95, cloth 


THE NEW ECONOMIC HISTORY 
OF RAILWAYS 


Patrick O’Brien 


Providing both a survey and a critical exposition of 
the new economic history of railways, this study taps 
the works of Fishlow, Fogel, Hawks, Metzer, White 
and Fencaltea. The author contrasts new and older 
approaches to the economic history of transport 
and provides a critique of the new approach by 
using an alternative measure of the impact of 
railways—namely the social rate of return on capital 
invested in them. 


September 1977 132 pages 
ISBN 0-212-56639-5 $13.95, cloth 
ECONOMICS OF PLANNING 


R. Kerry Turner and Clive Collis 


This important new book is an analytical survey of 
both imperative and indicative planning systems. 
Special attention is paid to the newer theories of 
recent years which have emphasized the simul- 
taneous operation of a constrained market mecha- 
nism and central planning. 


September 1977 
ISBN 0-312-23440-6 


120 pages 
$12.95, cloth 


O e.. 9 
To order A SOARS  PICESe = fo: St. Mar tin Ss Pr ess 


PO. Box 5352 
New York, N.Y. 10017 
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~NEW FROM 
PRINCETON 


THE PASSIONS AND THE 
INTERESTS 

Political Arguments for 

Capitalism before Its Triumph 

Albert O. Hirschman 

In his continuing search for a better under- 
standing of the connections between eco- 
nomics and politics, Hirschman explores the 
17th and 18th centuries and presents a novel 
interpretation of the rise of capitalism and its 
*‘spirit.”” Cloth, $10.90 e Paper, $2.95 


UNDERSTANDING RAWLS 

A Reconstruction and Critique 

of A Theory of Justice 

Robert Paul Wolff 

Since its publication in 1971, John Rawls’s A 
Theory of Justice has been the subject of 
lively debate among philosophers, 
economists, and political scientists. In this 
book, Wolff provides an interpretation and 
critique of Rawls’s theory that both clarifies it 
and reveals its basic flaws. Cloth, $13.50 @ 
Paper, $3.95 


AN ECONOMIC SPURT THAT 
FAILED 

Four Lectures in Austrian History 
Alexander Gerschenkron 

Gerschenkron assesses the failure and signifi- 
cance of Ernest von Koerber’s novel program 
of economic development that was designed 
to solve the political and economic problems 
of the Habsburg Monarchy, Mus. e $12.50 


PERUVIAN DEMOCRACY UNDER 
ECONOMIC STRESS 

An Account of the 

Belaúnde Administration, 1963-1968 
Pedro-Pablo Kuczynski 

As economic adviser and manager of the Cen- 
tral Reserve Bank of Peru, Kuczynski ob- 
served at first hand the crisis that preceded the 
overthrow of the Belatinde administration. 
Here he provides an insider’s view of the fi- 
nancial and economic problems besetting a 
democratic regime in a developing country. 
$16.50 





TECHNOLOGICAL CHANGE AND 
THE BRITISH IRON INDUSTRY, 
1700-1870 

Charles K. Hyde 

‘An important contribution to British eco- 
nomic history: it has rewritten the history of 
the iron industry by exploiting a great mass of 
primary sources in a quantitative way.’’— 
Donald N. McCloskey, University of 
Chicago $18.50 


IRON AND STEEL IN THE 
GERMAN INFLATION, 1916-1923 
Gerald D. Feldman 

This study explains how businessmen in the 
German iron and steel industry managed their 
enterprises, dealt with their customers, and 
acted in their relations with state and society 
during a period of war, revolution, and eco- 
nomic crisis. Illus. e $26.50 


THE CONTRACEPTIVE 
REVOLUTION 

Charles F. Westoff 

and Norman B. Ryder 

In this full report of the 1970 National Fertil- 
ity Study, Westoff and Ryder assess the 
growth in the use of the pill and the IUD, the 
increasing reliance on contraceptive steriliza- 
tion, and both the intended and the unwanted 
fertility of American women. $18.50 


THE ECONOMICS OF 
POPULATION GROWTH 

Julian L. Simon 

Comparison with stationary and very fast 
rates of population growth shows moderate 
population growth to have long-run positive 
effects on the standard of living. This is Julian 
Simon’s contention, and he provides support 
for its validity in both more- and less- 
developed countries. Cloth, $30.00 e Lim- 
ited Paperback Edition, $12.50 


Now in Paperback 
CLASSICAL ECONOMICS 
RECONSIDERED 

Thomas Sowell 

$3.95 ə (Cloth, $10.00) 


Write for our new Economics Catalogue. 
PRINCETON UNIVERSITY PRESS 
Princeton, New Jersey 08540 
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Extensively rewritten and reorganized 
to enhance readability and teachability 


The Fitth Edition of 
ECONOMICS 


RICHARD G. LIPSEY and PETER O. STEINER 


This successtul text combines a solid theoretical treatment with real-world 
applications in a presentation that is exceptionally clear and easy to 
understand. The new Fifth Edition has more empirical applications and 
boxec discussions of interesting real examples. Topics of greatest 
interest to students now appear at the beginnings of chapters wherever 
possible. The micro and macro sections are completely self-contained 
and genuinely reversible. 


Tentative: 928 pages; $14.95. February 1978. ISBN 0-06-044016-3. Study 
Guide and problems by Forbush, Forbush, and Menz: $4.95 (tentative); 
ISBN 0-06-042119-3. Instructor's Manual. Test Bank: 


Featuring 22 new articles 
The Third Edition of . 
ECONOMICS: 


A Reader 


KENNETH G. ELZINGA 


Compiled to accompany Lipsey and Steiner's ECONOMICS, Fifth Edition. 

as well as other introductory texts, this revised reader offers a wide 

variety of articles illustrating the applications of economic analysis. 

Balanced between traditional and current topics, the selections are 

designed to stimulate interest and debate. The Third Edition features 22 

new articles that focus on contemporary economic and social problems, 
including pieces on advertising, airline overbooking, race and the : 
market, and gasoline prices. Tentative: 304 pages; $7.95/paper. | 
February 1978. ISBN 0-06-041912-1. 


To request examination copies, write to Alec Lobrano, Dept. 492. 


# Harper @Row © 


1817 10 East 53rd Street, N.Y., N.Y. 10022 
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INTERNATIONAL STUDENTS ¢ GRADUATE ADVISORS 
_ ADMISSIONS OFFICERS ¢ SPONSORING AGENCIES 


THE ECONOMICS INSTITUTE 


for international graduate students and professionals in 
economics and business 


MAKES A DIFFERENCE 
providing specialized transitional and short-term training opportunities 


COMPREHENSIVE SUMMER PROGRAM 
with intensive course work in 


English B Mathematics 
Mi Statistics W Economic Theory 
and 
e Lecture and Seminar Programs on the U.S. Economy, 
Business and Management, Computer Fundamentals, 
Agricultural Economics, and Economic Development 


e Field Trips, Orientation and Intercultural Activities 


e Graduation Certificate, Transcript, and Accredited 
Advanced Course Work 


YEAR-ROUND INTENSIVE ENGLISH PROGRAM 


especially designed for economics and business students 
with supplementary training in mathematics, statistics, and economic theory 
as English proficiency improves 


ENTRY DATES TO SUCCESSIVE FIVE-WEEK TERMS 
Fall Program 1977: September 6, October 10, November 14 (program ends December 16) 
Spring Program 1978: January 16, February 20, March 27, May 1 
Summer Program 1978: June 12, July 17 (program ends August 23) 
Fall Program 1978: September 5, October 9, November 13 (program ends December 15) 


FOR FURTHER INFORMATION CONTACT 
The Director, Economics Institute 


c/o University of Colorado, Boulder, Colorado 80309 
Telephone: 303-492-7337 Cable: Econinst 


Established in 1958 under the sponsorship of the American Economic Association 
and endorsed by The American Assembly of Collegiate Schools of Business 
and The American Agricultural Economics Association 
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Third Edition of 


$% 


ECONOMICS: An Introduction 


to Traditional and Radical Views 
E. K. HUNT and HOWARD J. SHERMAN 


This well-known text explores traditional and radical perspectives in its 
presentation of economic history, complete coverage of microeconomics 
and macroeconomics, and in-depth discussions of comparative economic 
systems. 


The Third Edition incorporates much recent empirical data, features a new 
chapter on Marx's labor theory of value, and a new section on Veblen. 

The completely reworked section on macroeconomics offers much new 
material, including a new chapter on unemployment and inflation. 
Tentative: 736 pages; $10.95. January 1978. ISBN 0-06-043017-6. 

Instructor's Manual. 


Revised Second Edition of 


w% 


PROPERTY AND PROPHETS: 
The Evolution of Economic 


Institutions and Ideologies 
E. K. HUNT 


This book consists of the first 13 chapters of ECONOMICS: An Introduction 
to Traditional and Radical Views, Third Edition by Hunt and Sherman 

(see above). Tentative: 192 pages; $4.95/paper. January 1978. 

ISBN 0-06-043015-X. 


Second Edition of 


3% 


MICROECONOMIC ISSUES OF THE 70's: 


Exercises in Applied Price Theory 
KATHARINE C. LYALL 


This unique supplement provides elementary and intermediate exercises 
in applying microeconomic theory to current real-world problems — national 
energy pricing and conservation, the price of coffee, and many more. 
Tentative: 192 pages; $5.50/paper. January 1978. ISBN 0-06-0441 16-X. 
Solutions Manual. 

AMERICAN ECONOMIC HISTORY 

Harry N. Scheiber, Harold G. Vatter, and Harold Underwood Faulkner 

514 pages; $19.95. 1976. ISBN 0-06-042001-4. 


HUMAN RESOURCES AND LABOR MARKETS: Labor and Manpower in 
the American Economy, Second Edition 

Sar A. Levitan, Garth L. Mangum, and Ray Marshall 

631 pages; $17.95, 1976. ISBN 0-06-043999-8. 


Æ Harper @ Row 


1817 10 East 53rd Street, N.Y., N.Y. 10022 


To request examination copies, write to Alec Lobrano, Dept. 492. 
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New 


New 


THE ECONOMIC GROWTH DEBATE An Assessment 

E. J. Mishan ¢ The distinguished author of The Costs of Economic Growth sums 
up the debate on the possibility and desirability of sustained economic growth 
which that book precipitated on its publication a decade ago, Organizing this work 
in two parts, Mishan, in Book 1, sifts the “non-agenda” from the “agenda” argu- 
ments on economic growth, pointing out the limited contribution that economics 
can make to solving the problems involved. In Book 2, he turns to the broader 
issue: what is the character and capacity of human beings for enjoying life? Forth- 
tight in his opinions, Mishan will stir still further controversy with this new book. 
$16.50 cloth, $7.75 paper. 


THE SOVIET ECONOMIC SYSTEM 

Alec Nove e A completely rewritten version of the book that has gone through 
three previous editions and been translated into nine languages. This new book 
minimizes institutional detail and concentrates on structural problems and the 
dynarrics of—and obstacles to—change. Separate chapters are included on 
“centralized pluralism, investment and technical progress, prices, agriculture, 
interne and external trade, labor and wages, public finance and inflation. Alterna- 
tive socialist models are considered and the author takes a challenging and original 
approech to comparing the effectiveness of economic systems. $23.25 cloth, 
$10.95 paper. 


THE ECONOMICS OF SOCIALISM Third Edition 

Principles Governing the Operation of the Centrally Planned Economies 
in the USSR and Eastern Europe under the New System 

J. Wilczynski e In this new, substantially revised edition, the author covers all 
aspects of socialist economics; planning, profit, production, and growth, invest- 
ment, consumption, labor and land. Other topics include: fiscal policy, banking, 
domestic and foreign trade, and international economic cooperation. The author 
finally presents an objective comparison of socialist and capitalist economies and 
considers whether the two are converging. Special features include a full glossary 
of Soviet economic terms, extensive references for further reading in English, and 
a guide to periodicals, English and foreign. $8.75 paper. 








REGIONAL ECONOMIC PROBLEMS Comparative Experiences of 
Some Market Economies 

A.J. Brown and E.M. Burrows ¢ A concise, non-technical account of what the 
main kinds of regional problems are, how they arise, and the kinds of policies that 
have been used to tackle them in the UK, USA, and Western Europe. The authors 
focus on four kinds of problem regions—~ agricultural, coal-mining, old textile, and 
“congested” —and place these problems in broad economic context with due refer- 
ence to social and political overtones. $16.50 cloth, $7.75 paper : 


ÀA new introductory text 
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PROBLEMS OF ECONOMIC POLICY 

Keith Hartley * The author applies the basic theory of an introductory economics 
course <o the whole range of macro- and micro-economic policy issues in the UK. 
Particularly suitable for students who are non-econornics majors, this problem- 
oriented book shows how theory relates to policy, how it can be applied to policy, 
and thus improves their understanding of theory itself. A unique feature is the 
emphasis on the economics of politics and bureaucracies. $12.25 cloth, - 

$6.50 paper. , 


4 


Order from 


Allen & Unwin, Inc. 
198 Ash Street, Reading, MA 01867 
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A best-seller through three editions 
Fourth Edition 
THE ECONOMICS OF 


PUBLIC ISSUES 
DOUGLASS C. NORTH and ROGER LeROY MILLER 


This lively book illustrates thirty-three specific applications of the 
microeconomic principles taught in introductory courses. The new Fourth 
Edition has been thoroughly updated and includes new chapters on 

the economics of juries, crime and punishment, New York City, imposing 
a tax, and saving our cities. Carefully planned and tested to parallel 

the development of basic theory in leading texts, THE ECONOMICS OF 
PUBLIC ISSUES begins with simple concepts and gradually develops 
more complicated issues. 

Tentative: 192 pages; $4.50/paper. January 1978. ISBN 0-06-044851-2. 
Instructor’s Manual. 


Designed to interest students in macroeconomics 
second Edition 
ECONOMICS OF 


MACRO ISSUES 


ROGER LeROY MILLER 


A Canfield Press publication. The Second Edition of this text has been 
extensively updated and revised for greatest accessibility to students. 
The new edition emphasizes issues that enhance student understanding 
of the core concepts presented in principles of economics as well as 
macroeconomics texts. The organization parallels the macroeconomics 
portion of most principles texts. Diverse interpretations stimulate 
classroom discussion. Graphic materials simplify -and reinforce the 
core concepts presented. 


Tentative: 192 pages; $3.95/paper. February 1978. ISBN 0-06-385471-6. 
Instructor's Manual. 


To request examination copies, write to Alec Lobrano, Dept. 492. 


| Harper Row 


1817 10 East 53rd Street, N.Y., N.Y. 10022 
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the 
text 
your 
students 
understand. © 5 


Explorations in Economics . 
James F. Willis and Martin L. Primack, San José State University 
703 pages + Individual Explorations in Economics (study guide) 
Instructors Manual + Test Bank • 1977 
Willis and Primack combine succinct coverage of theoretical 
concepts with a straightforward style to make this one of the most 
popular books on the market today. 









Other titles of special interest 


POGUE/SGONTZ 
Government and Economic Choice: 
An Introduction to Public Finance 


Thomas F. Pogue and Larry G. Sgontz, University of Iowa 
About 528 pages ° Early 1978 


Pogue and Sgontz examine the pervasive role of government in 
economic decision making. Their new book for courses in public 
finance and public policy covers all the factors of governmental 
intervention in the marketplace — cost as well as effectiveness. 


GRUCHY | | 
Comparative Economic Systems, Second Edition 
Allen G. Gruchy, University of Maryland 

686 pages + 1977 


WATSON/HOLMAN 


Price Theory and Its Uses, Fourth Edition 
Donald S. Watson (emeritus) and Mary A. Holman, 

George Washington University 
445 pages + Instructor's Manual + 1977 


For adoption consideration, request examination copies from your regional Houghton Mifflin sales office. 
N neppe Dallas, TX 75235 - Geneva, IL 60134 + Hopewell, NJ 08525 
K) Houghton Mifflin Palo Alto, CA 94304 + Boston, MA 02107 
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The Technological Level of 
Soviet Industry 


edited by R. Amann, J. M. Cooper, and R. W. Davies 


In this book the present state of Soviet technology and the changes in its relative 
position over the past fifteen or twenty years are assessed by careful studies of 
particular industries and products. Illus. $30.00 


Floating Exchange Rates and 
National Economic Policy 


Stanley W. Black 


A lucid and accessible study evaluating floating exchange rates in the light of 
economic theory and the political and economic institutions and policies of five 
major countries—the United States, Germany, France, the United Kingdom, and 
Sweden. A Council on Foreign Relations book $12.95 


Image and Reality in 
Economic Development 


Lloyd G. Reynolds 


In a major contribution to the study of development economics, Reynolds sums up 
the fundamental elements in this important new branch of economics and tests some 
of its key concepts against the available historical and empirical evidence. 

A Publication of the Economic Growth Center, Yale University $25.00 


Now available in paper 


Agriculture in Development Theory 


edited by Lloyd G. Reynolds 


“A comprehensive and encyclopedic coverage of material by an international group of 
scholars. ... Should be read by every teacher, student, and practitioner of agricultural 
economic development.” —Choice 
A Publication of the Economic Growth Center, Yale University 
Cloth $25.00 Paper $6.95 


Yale University Press 


New Haven and London 
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“i 
Journal of Economic Development 
Volume 2 Number 1 July 1977 
Articles 
7 The Green Revolution in Thailand: 
With a Bang or With a Whimper? 
Pan A, Yotopoulos ¢ Kamphal Adulavidhaya 
31 Momentum for Development and 
Development Disequilibria 
Jeffrey B. Nugent 
53 Transaction Costs and Money Holdings in ag 
Various Stages of Economic Development 4 
Jang H. Yoo 
65 Equity, Efficiency and Social Welfare in Latin America 
Richard Weisskoff 
109 Is Foreign Capital an Engine for Development? 
Seung Park 
131 Cross-Substitution Between Husband and Wife as One of 
the Factors Determining Married Woman's Labor Supply 
Sookon Kim 
147 The Impact of Trade on Development: The United States 
and the Less-Developed Countries 
D. M. Khambata & M. I. Olson 
165 Foreign Reserve Holding Behavior of Korea , 
Jungsik Son -A 
175 Technology as a Major Limiting Factor in 
Economic Development 
Moonsong David Oh 
197 Estimation of Consumer Expenditure Systems: 
Case of Korea (1953-1974) 
J. S. Lee and D. S. Bai 
215 Structural Change, Employment, and Income Distribution: 
The Case of Korea 1960-1970 
Daemo Kim 
Editars: Cheong Yong Ahn, Jo Sup Chung, In Kie Kim, Jang H. Yoo. Published bi- 
annually by the Economic Research Institute, Chung Ang University, Seoul, Korea. 
The Journal encompasses all aspects and experience in socio-economic development 
analyzed by <heoretical, mathematical and/or empirical methods. 
Submission of Manuscripts: ' 
Contributors in the U.S. and other countries should send their manuscripts to: 
Jang H. Yoo - 
Department of Economies 
Virginia Commonwealth University 
Richmond, Virginia 23284 
Korean Contributors should send their manuscripts to: 
In Kie KIM 
Department of Economies 
Chung Ang University 
Seoul, Korea 
Manuscripts should be written in English, and the JED’s writing style will bè sent to 
the authors as soon as the referees accept the contents. 
Annual Subscription Price: 
US $10.00 per year for individuals and US $20.00 per year for institutions. Payment 
should be forwarded to the Journal of Economie Development, Economic Research 
Institute, Chung Ang University, Hucksuck-Dong, Kwanack-Ku, Seoul, Korea. 
i “ya 
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Adam Smith: 
The Man and His Works 
By E. G. West 


1776 was a year of momentous events, including publication of The Wealth 
of Nations—the book that launched the movement for economic liberty. 
Here is a brisk look at the author of that epic, written for the layman and 
student, Hardcover $6.95, Paperback $1.45. 


The Wisdom of Adam Smith 


Adam Smith may have been the first great economist, but he was no 

dismal scientist. He was instead a man of great philosophical and historical 
learning, and his literary style was widely admired. The Wisdom of Adam 
Smith brings together his most incisive and eloquent observations on subjects 
ranging from political and economic history to morals, philosophy, art, 
education, war and the American colonies. Compiled by British scriptwriter 
and playwright John Haggarty, edited and with an introduction by Benjamin 
A. Rogge. Hardcover $7.95, Paperback $1.95. 


The Theory of Moral Sentiments 
By Adam Smith 


Adam Smith’s first book will startle those who think capitalists are purely 
selfish, for Smith fully understood that liberty must be based in a moral 
order, Dr. E. G. West, who writes the introduction, asserts that “if The Wealth 
of Nations had never been written, this previous work would have earned 

Zor him a prominent place in intellectual history.” The Theory of Moral 
Sentiments was greeted with rapturous praise in its own day. Smith’s friend 
David Hume wrote to him from London soon after the publication, telling 
aim that “the public seem disposed to applaud it extremely.” The “mob of 
literati,” Hume added, “are beginning to be very loud in its praise.” 
Hardcover $9.95, Softcover $2.95. 


LibertyPress LibertyClassics 


We pay postage on prepaid orders. 
To order these books, or for a copy 
of our catalog, write: 
LibertyPress/LibertyClassics 

7440 North Shadeland, Dept.100 
Indianapolis, Indiana 46250 
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THE DEMAND FOR MONEY: 
THEORIES AND EVIDENCE 


= SECOND EDITION 
David E.W. Laidler 


This supplementary text for macroeco- 
nomics and monetery theory courses 
shows how empirical studies and theoret- 
ical work have interacted to affect per- 
ceptions of the general macroeconomic 
model (IS-LM) over the past 10 years. 
The text thoroughly reviews theories 
underlying the demand for money func- 


m 


1817 


tion. A simplified precautionary demand 
model which is accessible to undergrad- 
uate students is presented, The up-to-date 
section on empirical evidence offers an 
unbiased distillation of the literature, in- 
cluding recent work of Klein, Price, 
Goldfeld, and others. 156 pages; $3.95/ 
paper. July 1977, SBN 0-912212-07-1. 


Thomas Y. Crowell Books 


now available from Harper & Row 
10 East 53d St., N.Y., N.Y. 10022 


The Development of the Economies 
of Continental Europe, 1850-1914 


Alan S. Milward and S. B. Saul 


The first book to deal with the economic development of Europe as a whole and 
from a continental perspective, this will be the guide for economic historians 
and economists. Examining the economies of France, Germany, Italy, Spain, 
Austria-Hungary, Russia, and the Balkans, the authors delineate certain 
sectors for closer analysis, such as industry, agriculture, monetary and financial 
systems, transportation, and international economic dealings. Beyond an 
analysis of individual countries, this book offers a sophisticated comparative 
view that sheds light on the enormous transformations creating modern states. 


$22.50 


Harvard University Press 
Cambridge, MA 02138 
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The New International 
Economic Order: 

The North-South Debate 
edited by Jagdish N. Bhagwati 


Leading economists have con- 
tributed to this timely collection 
of essays, presented at an MIT 
Bicentennial Conference on the 
New International Economic 
Order. 

The volume is unique in 
providing systematic, authorita- 
tive, and insightful reviews of the 
past history of the issues, their 
current status, future prospects, 
and economic desirability. 
Several specific proposals are 
analyzed imaginatively and with 
jargon-free rigor. 

The volume is directly useful 
to policymakers, economists, 
social scientists, and interested 
laymen who seek an under- 
standing of what has emerged as 
a central issue on the interna- 
tional policy agenda today. 

The distinguished contribu- 
tors include Fred Bergsten, 
Jagdish Bhagwati, Richard 
Cooper, Hollis Chenery, Gale 
Johnson, Harry Johnson, Peter 
Kenen, Charles Kindleberger, 
and Erik Lundberg. 


$17.50 hardcover 
$9.95 paperback 


Multinationals from Small 
Countries 

edited by Tamir Agmon and 
Charles P. Kindleberger 


The seven essays in this volume 
bring to light the relatively 
unpublicized international 
activities of firms originating ina 
number of geographically and 
economically diverse small 
countries. 


$15.00 


Zoning and Property Rights: 
An Analysis of the American 
System of Land-Use Regulation 
by Robert H. Nelson 


Robert Nelson contends that in 
effect zoning has created collec- 
tive property rights, which are 
now held by local government. 
His book analyzes the 
developmment of zoning, its 
aims, fictions surrounding it, and 
its successes and failures. It 
examines recent environment 
land-use regulations, their 
probable outcomes, and future 
prospects of the regulatory 
system. 


$16.95 


Managing the Flow of 
Technology: 

Technology Transfer and the 
Dissemination of Technological 
Information Within the R&D 
Organization 

by Thomas J. Allen - 


For both theoreticians and 
practitioners in the field, this is a 
useful book with broad appli- 
cations. As Professor William J, 
Abernathy of the Harvard 
Graduate School of Business 
Administration has observed, 
“Thomas Allen’s work has 
attracted worldwide attention 
among those interested in the 
role of information in tech- 
nology. He and his work are 
highly regarded... . The par- 
ticulary attractive aspects of this 
work are that it is empirically 
based and scholarly, but still 
relevant to the practitioner.” 


$15.00 
aa ees 
The MIT Press 


Massachusetts Institute of 
Technology 

Cambridge, Massachusetts 
02142 
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MATHEMATICS FOR STABILITY AND 
OPTIMIZATION OF ECONOMIC SYSTEMS 


By YASUO MURATA 


This book supplies, in a comprehensive 
and self-contained manner, mathematical 
theorems on stability and optimization 
that are essential to develop and genera- 
lize various economic systems. Those cov- 
ered include: Keynesian dynamic models; 
Leontief input-output systems; Hicks- 
Metzler multiple-mar<et systems; Gauss- 
Markov estimation models; Ramsey op- 
timal accumulation models; the von 
Neumann expanding economy; and the 
Tinbergen economic policy model. 


CONTENTS: LINEAR STRUCTURE AND 
STABILITY OF ECONOMIC SYSTEMS: 
Fundamentals of Square Matrices. Linear 
Dynamic Systems and Stability. Nonnega- 
tive Square Matrices and Stability in Eco- 
nomic Systems. OPTIMIZATION METH- 
ODS FOR ECONOMIC SYSTEMS: Prelimi- 
nary Mathematical Concepts. Projection 
and Generalized Inverse with Reference 
to Economics. Optimization in Inequality 
Economic Systems. 

1977, 436 pp., $26.00/£18.45 

ISBN: 0-12-511280-5 


ECONOMIC THEORY AND THE CITIES 


By J. VERNON HENDERSON 
A Volume in the STUDIES IN URBAN ECONOMICS Series 


The book presents equilibrium models 
of the internal structure of a city and a 
system of cities, depicting cities as they 
evolve in a free market economy. The 
internal allocations of resources within 
and between cities by the market are then 
subjected to normative analysis to deter- 
mine if they are Pareto-efficient. Also cov- 


ered are: environmental problems and 
policies (in a spatial setting); the housing 
market and landowner decisions; trans- 
portation (in both static and dynamic 
context); local public finance; suburban- 
ization. 

1977, 256 pp., $17.50/£12.40 

ISBN: 0-12-340350-2 


ORIGINS OF THE ECONOMY 


By FREDERIC L. PRYOR 
A Volume in the STUDIES IN SOCIAL DISCONTINUITY Series 


The subject matter of this book—dis- 
tribution—covers all major types of ex- 
change and transfer. In addition, special 
studies on related pienomena such as 
money are presented. In this far-ranging 
and pathbreaking study, the author car- 
ries out a cross-cultural comparison of 
distribution in sixty primitive and peasant 
societies. He employs the analytical iech- 
niques of economics to a large number 


of important hypotheses drawn from an- 
thropology, economics, economic history, 
and sociology. Many commonly held prop- 
ositions are exploded; and many new 
hypotheses are proposed and demon- 


strated from the data drawn from the 


sample. 


1977, about 475 pp., in preparation 
ISBN: 0-12-566650-0 


Send payment with order and save postage plus 50¢ handling charge. 
Prices are subject to change without notice. 
U.S. customers please note: On prepaid orders——payment will be refunded for titles 
an which shipment is not possible within 120 days. 


ACADEMIC PRESS, INC. ° 


A Subsidiary of Harcourt Brace Jovanovich, Publishers 


111 FIFTH AVENUE, NEW YORK, N.Y. 10003 
24-28 OVAL ROAD, LONDON NW1 7DX 


Please send me the following: 

__copies, Murata: Mathematics for Stability 
and Optimization of Economic Systems 

___copies, Henderson: Economic Theory 
and The Cities 

__.copies, Pryor: Origins of the Economy 


Check enciosed__. Bill me__ 
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NAME 
ADDRESS 
CITY/STATE/ZIP 


New York residents please add sales tax. 
Direct all orders to Mr. Pau! Negri, Media Dept. 
AmerEconRe/12/77 
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Excise Systems 

A Global Study of the Selective Taxation 
of Goods and Services 

Sijbren Cnossen 

“Dr. Cnossen must certainly be the 
world’s most knowledgeable person on 
excise taxes. His book reflects a keen 
balance of judgment in the analysis of 
both theoretical and practical aspects of 
the subject. It will be the standard 
reference work which will have to be in 
every library of economics, law, and 
business. Government officials at all 
levels of government will find it in- 
valuable.”—Oliver Oldman, professor of law, 


and director, International Tax Program, Harvard 
Law School 


Excise Systems presents a systematic and 
comprehensive survey of the structure 
and role of excise systems, sales taxes, and 
fiscal monopolies for 126 developing and 
industrial countries. $14.00 


The Origin and Resolution 


of an Urban Crisis 

Baltimore, 1890-1930 

Alan D. Anderson 

“It is rare to find within one volume sucha 
combination of theoretical elegance and 
a real historian’s feel for the empirical 
materials. ... The book is also one of those 
rare synthetic achievements which in 
brief compass sums up a vast corpus of 
existing scholarship—e.g., Clarke’s and 
Mills’ studies of urban population trends, 
the history of public utility development, , 
and above all, the story of the economic 
impact of the automobile.”—Gerald Garvey, 
Princeton University ore 

“This is the first book to give sufficient 
attention to the interaction between 
political reform movements and tech- 
nological and economic factors. Ander- 
son provides a new perspective on the 
traditional fights between the bosses and 
the reformers, and he demonstrates con- 
vincingly that a city should be considered 
as asystem....A significant, and lasting, 
contribution to scholarship.”—Kenneth T. 
Jackson, Columbia University 

The Johns Hopkins Studies in Urban Affairs 

$12.00 


New in the series Policy Studies in 
Employment and Welfare 


Shorter Hours, 
Shorter Weeks 


Spreading the Work to Reduce 
Unemployment 
Sar A. Levitan and Richard S. Belous 
Reduced worktime, work sharing, and 
alternative work patterns can be effective 
tools in fighting unemployment. Two 
manpower economists find that despite 
government apathy, organized labor is 
placing demands for reduced worktime 
and job security at the center of its 
contract negotiations. The experience. of 
certain sectors that have bargained with 
sharing agreements is examined, among 
them the auto, steel, and apparel in- 
dustries, various public service depart- 
ments of New York City and the Washing- 
fon Star. 

$8.50 hardcover, $3.25 paperback 


Understanding Productivity 
An Introduction to the Dynamics of 
Productivity Change 
John W. Kendrick 
Higher standards of living due to ad- 
vances in productivity have changed 
lifestyles and values. This book provides a 
concise summary of current thinking 
about productivity for economists, man- 
power specialists, industrial engineers, 
union officials, business managers, and 
public administrators. The author ex- 
plains the record of the U.S. private 
domestic economy over the last century, 
with particular concentration on the 
period since World War II and the slow- 
down of the past decade. Although he 
predicts some improvement over the next 
ten years, he concludes that unless there 
are special policies to promote growth 
productivity will still fall below the long- 
term rate. Various options for achieving 
this growth are explored in full as well as 
policies that can ameliorate the disruptive 
impact of technological progress. 

$10.00 hardcover, $3.65 paperback 


Johns Hopkins 


The Johns Hopkins University Press, Baltimore, Maryland 21218 
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ECONOMICS: 
PRINCIPLES 
IN ACTION, 
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Totally rewritten, this brand DITIO sponse to students’ needs, 
new edition of ECONOM- an entire chapter is devoted 
ICS: PRINCIPLES IN AC- b to understanding and inter- 


TION is designed specifically at preting graphs. Study Guide 
for the one-semester or one- Phili G. and Instructors Manual avail- 
quarter economics survey able. 448 pages. 7% x 9%. 
course. Theory is well balanced Starr Clothbound. 1978. 

with applications to the real world. 


Case studies in each chapter illus- For more information on this and other 
trate timely world problems and utilize Dickenson texts, please write to: 
accurate data on topics such as the en- BOX AER-D7 


ergy crisis, cartels, pollution, and other DICKENSON PUBLISHING COMPANY 
current and controversial issues. In re- 10 Davis Drive, Belmont, California 94002 


DEAKIN UNIVERSITY 


GEELONG 
VICTORIA, AUSTRALIA 


Planning Dean 


(HALL OF COMMERCE) (Ref. 77/1/09) 


Deakin University was incorporated in 1974 and on 1 April 1977 absorbed most of the functions of the Gordon 
Institute of Technology and che Stats College of Victoria at Geelong. In 1978 the University will have approxi- 
mately 3,500 students including 1000 in off-campus studies. Courses of an Open University type for off-campus 
students are being prepared by the School of Humanities, Education and Social Sciences and applicants for 
this position should have an interest in off-campus teaching. ‘ 


The University is anxious to extend and diversify its academic interests and this applies particularly to the 
School of Commerce. 

The task of the Planning Deen will ke to expand the existing program which already offers major sequences of 
study in Accountancy, Administration, Economics, Data Processing, and Legal Studies, and to recommend new 
major sequences when appropriate. In addition to these under-graduate programs it is envisaged that the 
Planning Dean will develop post-graduate and extension courses. The Appointee will be a member of the Aca- 
demic Planning Board and will be expected to play a major role in developing under-graduate and post-graduate 
teaching in the appropriate fields, fostering inter-disciplinary studies assisting in developing off-campus (exter- 
nal} studies programs and implementing programs of research. Teaching and research programs should reflect 
the Universities strong wish to involve itself with the needs of Business, Government and Institutions. 


The appointee will serve as Planning Dean for a period of not less than three years In the first instance. Sub- 
sequent appointments to the Deanship will be by election from senior staff members in the Schooi {including 
the Planning Dean) for three year term. The Planning Dean will hold permanent tenure as a Professor of the 
University from the date of his appointment. 


The current salary for a Professor is $A30,787 per annum. Planning Dean to receive an allowance for expenses 
of office. Applicants should be either persons with wide business experience who can demonstrate an interest 
in Management Education, or Academics who preferably have had significant experience in business and/or 
public administration. 

Additional information is ava lable from the Staff Officer, with whom applicants including the reference num- 
ber, a full curriculum vitee, the names and addresses of three referees, and a recent photograph should be 
lodged by 12 December, 1977. 


P.O. Box 125, A. L. Pritchard, 
Belmont, Victoria, 38218, Australia. University Secretary. 
11034 
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UNDERSTANDING THE ECONOMY 
For People Who Can't Stand 
Economics 

Alfred L. Malabre, Jr. The GNP is up. 

The money supply is down. Without 
jargon or statistics, this informative book 
explains why and explores the extent of 
our power to control and predict the 
directions that the economy can take. 

“A splendid primer...at once plain and 
inviting: —Barron’s 

® Mentor ME1570/$1.75 


WHATEVER BECAME OF FREE 
ENTERPRISE? 

Ronald L. Soble. A prominent financial 
writer and author of Smart Money in Hard 
Times presents a searching examination 
of the current state and future prospects 
of the system that has played so vital a 


part in the making of the American dream. 


© Signet £7542/$1.75 


CONCEPT OF THE CORPORATION 
Revised Edition 

Peter F. Drucker. This classic study of 

the constitution, structure and internal 
dynamics of “Big Business” is now 
updated to reflect the continued and 
diverse growth of large, highly organized 
institutions. ® Mentor ME1637/$2.25 
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rbacks on 
economics 


CAPITALISM TODAY 

Daniel Bell and Irving Kristol, editors. Is 
capitalism growing, static or decaying? 
Twelve of America’s most distinguished 
scholars address themselves to this 
question, clarifying the complex and 
evolving realities of a system that shapes 
all our lives. “Insightful, sophisticated 
and profoundly disturbing: 
~The New Leader 

® Mentor MY1119/$1.25 


UNDERSTANDING FINANCIAL 
STATEMENTS 

John N. Myer. A complete and sensibly 
organized handbook presenting samples 
of basic accounting statements with full 
explanations of how they are interpreted 
and used. Illustrated with charts and 
tables.@ Mentor MW1410/$1.50 


Send for free catalog of College Paperbacks 
NEW AMERICAN LIBRARY 
EDUCATION 


NAL LT 


120 Woodbine Street, 
Bergenfield, New Jersey 07621 
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EXCHANGE AND PRODUCTION, Competition, Coordination, and Control, 2nd Edi- 
tion, by Armen A. Alchian and William R. Allen. A classic in its own time; this text 
masterfully depicts the art of economic reasoning. Using simple behavioral postulates 
throughout the book, the authors show students how economics can explain the world 
in a coherent, systematic fashion. Concepts are always applied in depth to intriguing, 
real-life examples that have meaning for students. In fact, no other text contains the 
wealth of applications found in EXCHANGE AND PRODUCTION, 2ND EDITION. 510 
pages. 8-11/16 x 9-1,/4. Paperbound. January, 1977. 
THE MAKING OF ECONOMICS, by E. Ray Canterbery. Relating the great economists’ 
ideas to the societies in which they lived, Professor Canterbery manages to capture the 
flavor of the times, giving students a realistic picture of the development of economic 
theory and the people involved in its development. Says John Kenneth Galbraith, “No 
person interested in economics—and it’s an interest all shrewd citizens should 
cultivate—will want to miss Ray Canterbery.” 275 pages. 6-1/2 x 9-1/4. Paperbound. 
September, 1976. 

THE AMERICAN ECONOMY IN HISTORICAL PERSPECTIVE, by Richard K. Vedder. In 
this general survey of American economic history, economic concepts are simply and 
systematically incorporated into the discussion of historical phenomena. Organized 
into three historical periods—colonial, 1790 —1920, 1920 — present—the author treats 
major economic factors within each era, as well as showing the interrelationship 
between the periods. Current controversial topics and recent research findings are 
explored in depth. 518 pages. 6-1/2 x 9-1/4. Casebound. November, 1976. 


For more information on these and other Wadsworth texts, please write to: 


Box AER-D7 


WADSWORTH 


PUBLISHING COMPANY, INC. 


10 Davis Drive 
Belmont, California 94002 
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BOOKS FROM WADSWORTH | 


ANNOUNCING 
THE 
1978 SUMMER PROGRAM 


For Minority Students Who Are Interested In Pursuing 


The Ph.D. in Economics 


Sponsored by the American Economic Association 
Committee on the Status of Minority Groups in the Economics Profession 


To be held on the Evanston Campus 
of Northwestern University 


June 26-August 18, 1978 


Directed by Professor Marcus Alexis 


Northwestern University 


This is an intensive summer program of advanced intermediate micro: and 
macroeconomic theory and quantitative methods open to all minority students 
(Black, Hispanic, and Native Americans); program limited to an enrollment of 
25-30 students. 


Students need not be an economics major but must have had at least one 
year of college level economics. The program is primarily designed for students 
completing their junior year. Graduating seniors planning to enter graduate 
school and outstanding.sophomores will also be considered. Students in mathe- 
matics, the physical sciences and the other social sciences are encouraged to 
apply. Cumulative grade point average must be B or better. This is a program 
for academically superior students. 


Requests for information and applications should be addressed to: 


Professor Marcus Alexis 
AEA Summer Program 
Northwestern University 
1922 Sheridan Road 
Evanston, Illinois 60201 


The deadiine for completed applications is April 15. 
Decisions will be announced by April 29. 
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THE NEW WORLD OF ECONOMICS: Explorations into the Human-Experience, 


Revised Edition (paperbound) . 
Richard B. McKeazie, Clemson University, and Gordon Tullock, Virginia Polytechnic Institute 
















and State University (March) 
is Fi ei ry" a Sy 
_ MACROECONOMICS, Revised Edition 2 9 JU! Yr: | 
Paul Wonnacott, University of Maryland (February) C> 
.. ECONOMIC ANALYSIS, Third Edition z 
The late C. E. Ferguson, and S. Charles Maurice, Texas A & M University (March) >, 


TERNATIONAL ECONOMICS, Sixth Edition | 


Charles P. Kindleterger, Massachusetts Institute of Technology, and Peter H. Lindert, Univer- 


sity of California at Davis ‘ae (January) 
STORY OF ECONOMIC THOUGHT, Third Ecition ; 
i. H. Rima, Templa University _ . (March) 


- ` 


CASES IN COLLECTIVE BARGAINING AND INDUSTRIAL RELATIONS: } 


i ‘A Decisional Approach, Third Edition (paperbound) E 3} 
Sterling H. Schoen and Raymond L. Hilgert, both of Washington University (January) 





Examination copies for adoption consideration available on 
request; please indicate course title and text presently used. ae Oe 


sij 
Homewood, illinois 60430 AA 





